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CONIUGATING Paramecta (Paramecium bursaria). Two separate 
cultures of opposite mating tvpes furnished per unit 

For demonstration $3.50 
For class of 25 students 5.00 


SacTeRIA AND FPunot. We carry cultures of more than a hundred 
species including strains of Sarcima subflava and Bacillus subtilts 


to demonstrate antibiosis, and plus and minus strains of Rhizopus 
or Mucor for zygospore production. Per culture $2.00 
live or more cultures, each 1.50 
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Living Fern Protnactia. Unit quantity sufficient for class 
of 25 students $3.50 
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A NEW METHOD FOR TEACHING ELECTRICITY 


visual demonstrations. 


Our method of instruction: 


BOX 336-S 


We have developed a unique and very effective method of teaching the prin- 
ciples of electricity and their practical application. 


This system of coordinated literature and equipment permits thorough and rapid 
instruction of this difficult subject by means of a related series of dramatic 


1. Is so flexible that it can be used with any standard text. 

Makes most efficient use of the instructor's time. 

Makes the study of electricity a fascinating exercise for students. 
Is the most economical method available. 

Permits instruction of students of limited mathematical background. 


Is enthusiastically endorsed by hundreds of users. 


FOR ADDITIONAL INFORMATION WRITE — 
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VINCENNES, INDIANA 
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Fluorine and Dental Health 


THE SCIENCE COUNSELOR 


@ By Gerald J. Cox, Ph.D.. (University of Illinois) 


DIRECTOR OF DENTAL RESEARCH, SCHOOL OF DENTISTRY, UNIVERSITY OF PITTSBURGH, PITTSBURGH, 


PENNSYLVANIA 


The discovery of the inverse relationship be- 
tween the incidence of dental decay in children 
and the occurrence of mottled enamel has been 
of great interest to laymen as well as to scien- 
tists. Large scale tests of the fluoridization of 
water supplies and of the topical application of 
fluorides in the mouth are being carried on. 


Here Dr. Cox evaluates the results of much of 
the experimental work that has been completed, 
including some of his own significant researches 
conducted at the Mellon Institute during the 
1933-40 period. In 1942-44, he reviewed the litera- 
ture on caries for the Food and Nutrition Board 
of the National Research Council. In 1948, Dr. 
Cox was engaged to direct dental research in 
the school of dentistry of the University of 
Pittsburgh. 


Fluorine, as a preventive of dental caries, has been 
increasingly prominent in the recent newspapers and 
magazines. In spite of the dictum that you can’t believe 
everything that you see in the papers, most of the 
articles which have appeared in the public press about 
fluorine and dental caries have had substantial bases 
in fact. 

There are two aspects of fluorine and dental health. 
Too much fluorine in the dietary during formation of 
the teeth leads to “mottled enamel,” a condition varying 
from paper white enamel, through spotted and corroded 
to brown stained, malformed teeth. If an optimum 
amount of fluorine is present, the teeth that develop 
are much more resistant to dental caries than if 
minimum amounts of fluorine are available. Since the 
water supply is the dominant source of fluorine in the 
dietary, and fluorine is much more variable in drinking 
water than in common foods, most attention has been, 
and rightly, focused on that aspect of fluorine intake. 

The fact that the toxic rather than the beneficial effects 
of fluorine were first recognized has been a powerful 
brake on the application of the findings that fluorine 
protects the teeth from caries. This situation has 
resulted in a much more substantial body of data to 
support the idea of the use of fluorine to reduce the 
most prevalent disease of civilization than is the case 
for most remedies. 

The history of fluorine in animal tissues began with 
teeth. The fossilized remains of an elephant were dis- 
covered near Rome in 1802, and a chemist, Morichini, 
reported in 1803 that when he treated the enamel of 
one of the molar teeth with sulfuric acid, “fluoric” acid, 
which etched glass, was evolved. This finding was a 
mild sensation and chemists of France, Sweden, Eng- 
land, Germany and Russia were quickly involved in 
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confirmation and further study of fluorine in animal 
and plant substances. Berzelius, in 1822, found fluorine 
in some spring waters and absent in others and gave 
values of the same order as those found by modern 
chemists. Wilson, a Scotch physician and able bio- 
chemist, found fluorine in blood and in milk in 1846, 
though he had to use 26 and 10 pints, respectively, for 
his ashes to reveal the fluorine by the etch test. He was 
the first to suggest that fluorine might be of value 
during the formation of the teeth. 


Contributions to our knowledge of fluorine continued 
with here and there some information about its relation 
to teeth. Many of these things we can now see are sig- 
nificant but they dropped out of sight. For example, de- 
scriptions of black teeth were recorded in 1888 and in 
1901, but the really effective investigation of mottled 
enamel was described in 1915 by Black and McKay. 
Black, the greatest of all dentists, died the day before 
McKay read their report in the fall of that year. Mc- 
Kay continued the study of mottled enamel from his 
first observations in Colorado Springs, in about 1910, 
until its cause was definitely established in 1931. 

The credit for the discovery of fluorine as the causa- 
tive agent of mottled enamel must go to two groups of 
investigators. H. V. Churchill, then as now, head of 
the Analytical Division of the Aluminum Research 
Laboratories, and his spectroscopist, A. W. Petrey, 
found a calcium fluoride band in the spectrum of the 
solids of the waters of Bauxite, Arkansas, where the 
children had severe mottled enamel. With the help of 
Dr. Frederick S. McKay, they obtained waters from 
other communities with and without mottled enamel 
and were able to show the positive association of fluorine 
with the disfiguring condition. Concurrently, Dr. Mar- 
garet Cammack Smith and her husband, H. V. Smith, 
at the University of Arizona, found that the waters of 
St. David, Arizona, where severe mottled enamel ex- 
isted, contained fluorine. They showed that such water 
produced striations in the growing incisors of rats 
and identified the condition with that earlier known to 
be caused by sodium fluoride. No effective question has 
ever been raised concerning the validity of the findings 
of these two groups. 

Since the discovery of the cause of mottled cnamel it 
has also been found that with the higher levels of 
fluorine in water supplies, that with the amounts which 
cause severely mottled teeth, damage to the skeleton 
may also occur. Fluorine characteristically combines 
with bone. The result is stiffness of joints particularly 
of the back. These conditions, however, are not found 
associated with the levels of fluorine which confer re- 
sistance to dental caries as discussed below. 


It is of great interest that Black and McKay noted 
that dental caries was not more severe in mottled 
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enamel areas than in communities free of this condi- 
tion. In fact McKay expressed surprise in 1929 that he 
actually found less tooth decay in children with mottled 
enamel than among those with normal teeth. 


My coworkers and I sought in 1936 to produce teeth 
in young rats quite susceptible to decay by feeding 
their mothers traces of sodium fluoride during preg- 
nancy and lactation. But the result was teeth more 
resistant to caries as compared with control rats. These 
findings, published in 1939, are evidence that fluorine, 
either per se in the enamel, or through its effects in the 
formation of the enamel, confers a resistance to caries 
that is not dependent upon continued exposure to a 
fluorine containing dietary, fluorine coming, of course, 
principally from the water. 

During the ’30’s there was great activity in mapping 
the mottled enamel areas of the United States and 
correlating the severity of mottled enamel with the 
fluorine content of the water supplies. Chief of the 
investigators was Dr. H. Trendley Dean of the Na- 
tional Institute of Health. He showed that there was 
an inverse relationship between mottled enamel occur- 
rence and incidence of dental caries. He initiated an 
intensive study of the dental caries status of the 12-14 
year old children with histories of continuous residence 
in Galesburg and Quincy, Illinois. The children of the 
first of these cities, with 1.8 ppm (parts per million) 
of fluorine in the water had about one third the caries 
rate of the Quincy children, with about 0.2 ppm fluorine. 
These findings, published in 1939 by Dean and his col- 
leagues, Jay, Arnold, McClure and Elvove, have since 
been so amply verified by themselves in other cities and 
by others in various parts of the world that no doubt 
can remain that fluorine if present in an optimum 
amount during the formation of the enamel can confer 
on the teeth a substantial resistance to dental caries 
without at the same time causing mottled enamel. 


The finding that a community water supply can bear 
a caries-preventing ingredient has led to large scale 
tests of fluoridization of water supplies to prevent 
caries. Current tests are being made in Newburgh, New 
York; Grand Rapids, Michigan; Sheboygan, Wisconsin; 
Evanston, Illinois, and in other cities. None of these 
tests has been advanced beyond the half-way point in 
the anticipated 10-12 years regarded as necessary for 
the proof. The fluorine content of the waters is being 
brought up to a maximum of 1.2 ppm. I believe from 
my experience with rats that the fluorine is a factor in 
nutrition and hence should be supplied in somewhat a 
maximum and constant amount to be just short of 
producing mottled enamel. This calls for a higher level 
of fluorine in the water during winter than during the 
summer, that is inversely as the volume of water con- 
sumed in drinking and for cooking. The experience at 
Galesburg indicates that for cities comparable in sea- 
sonal variations, 1.8 ppm could be tolerated from Oc- 
tober to June and 1.0 ppm for the summer periods. 
Certainly no worse results and possibly much better 
would be obtained. 


In 1938, Dr. B. F. Miller of the University of Chi- 
cago, very largely prevented dental caries in rats by 


feeding, with the caries-producing rations, 250 ppm of 
sodium fluoride. A similar reduction in caries incidence 
was obtained with a comparable dosage of iodoacetic 
acid. Miller fed these substances in these dosages as 
inhibitors of the enzymes of acidogenic oral bacteria. 
His findings, therefore, are justifiably interpreted that 
fluoride acts in the mouth at high levels to inhibit acid 
formation from carbohydrates and thus to lower dis- 
solution of tooth substance as in caries. 


It is my interpretation that the prevention of caries 
by comparatively high levels of fluorine in the mouth 
has been the basis for the control of dental caries by 
topical application to human teeth of relatively con- 
centrated solutions of sodium fluoride. Furthermore 
I believe there is a wide gap between the 1-2 ppm 
levels of fluorine in water and also that unknown small 
amount transmitted by a rat to her young that prevents 
caries in children and in young rats, respectively, and 
the heavy doses required by Miller and in topical appli- 
cations, as described below. The width of the gap may 
mean that different mechanisms are operating. For the 
low levels it may mean that a structure is developed 
that prevents caries initiation; for the high levels it 
may mean retardation of the activities of microor- 
ganisms. These are frankly speculations. 


Dr. J. F. Volker, then at the University of Rochester, 
demonstrated in 1939 that by exposing powdered enamel 
to sodium fluoride solutions for brief intervals, the 
solubility of the enamel in dilute organic acids was 
reduced. 


Basing their operations on the work of Miller and 
of Volker and a supposed relation to the field observa- 
tions of the caries reduction by community water sup- 
plies, Dr. B. G. Bibby of Tufts College Dental School 
and Dr. V. D. Cheyne of the Dental School of the 
Indiana University independently applied sodium fluor- 
ide solutions of 500 ppm and up to the teeth of children. 
They found the incidence of caries reduced as much as 
50 per cent over a period of a year. Bibby followed 
such of his subjects as were available for five years, 
with additional treatments being given after one and 
two years, and found the protection persisted. There 
was a 30 per cent reduction of caries in the fifth year. 


Dr. J. W. Knutson of the National Institute of Health 
and Dr. W. D. Armstrong of the University of Minne- 
sota collaborated in a study of the topical application 
of a 2 per cent solution of sodium fluoride to the teeth 
of children in Minnesota. They used the Bibby tech- 
nique of application of the solution to the teeth in one 
side of the face and compared the caries development 
with the untreated teeth. Their technique included a 
thorough cleaning of all the teeth followed by two ap- 
plications of the solution a week for three successive 
weeks. More applications did not seem to be more 
effective. They found, in the 242 children remaining 
available for examination after three years, that they 
had 39.8, 40.0 and 36.7 per cent less caries in their 
treated teeth compared with the untreated in the first, 
second and third years, respectively, after the fluoride 
treatments. 

(Continued on Page 72) 
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The Sky on Wheels 


e By Charles A. Federer, Junior 


EDITOR, SKY AND TELESCOPE, AND DIRECTOR, 


BOSTON, MASSACHUSETTS 


To serve the Boston district, a unique educa- 
tional project has been developed by the staff of 
the Boston Museum of Science. The ingenious 
18-foot traveling planetarium they have con- 
structed will bring to thousands of people in 
rural as well as in urban areas the joy of know- 
ing the stars. 

Traveling by truck and trailer, this new and 
comparatively inexpensive aid to the study of 
astronomy has been shown more than 100 miles 
from Boston. In its first 20 operating days it 
attracted a total attendance of 4000. As many 
as nine lectures a day have been necessary to 
accommodate the youngsters and adults who de- 
sired to learn more about the heavens. 


Bringing the stars to man has become an important 
part of modern education, both at the level of the pri- 
mary and secondary school and at that of the average 
adult. Since the invention in 1925 of the now famous 
Zeiss projection planetarium great strides have been 
made, and the public is now more astronomy-minded 
than ever before in modern educational history. 


About 30 of these grotesque Zeiss planetariums were 
built and set up in the world in about 15 years, five 
of them in the United States, at Chicago, Philadelphia, 
New York, Los Angeles, and Pittsburgh, where they 


THe FASCINATION of the mysteries of the movements of the stars across 
flected in the faces of these youngsters watching a show in the Traveling 
the Boston Museum of Science. 


TRAVELING PLANETARIUM, BOSTON MUSEUM OF SCIENCE, 


are still in operation with high attendance levels* and 
regular programs for school groups. In Europe and 
elsewhere, many of the instruments have unfortunately 
either been destroyed or abandoned, and the Stockholm 
planetarium has been sold to the University of North 
Carolina for $100,000. At Chapel Hill in May, 1949, 
the sixth large planetarium in this country opened its 
doors, under the directorship of Dr. Roy K. Marshall, 
formerly director of the Fels Planetarium in Phila- 
delphia. 

As far as American astronomers can ascertain, the 
Zeiss optical works at Jena, where the first plane- 
tarium was built, can no longer produce these instru- 
ments. And if they could, the imported cost would be 
prohibitive to further American installations. Those 
communities wishing to see the stars indoors must 
either build their own projection instruments or avail 
themselves of the unique opportunity provided by the 
inventive genius of Armand Spitz, director of the 
department of education of the Franklin Institute in 
Philadelphia and a lecturer in the Fels Planetarium. 
For he has produced a star projector that sells for 
less than $750 and produces nearly as perfect an illu- 
sion of the night sky as does the Zeiss instrument 
costing at least 200 times as much! 


The Spitz projector employs the principle of pinhole 
projection, so that the high cost of lens systems is 
eliminated from the construction. The pinhole pro- 
jection gives a satisfactory appearance of the con- 
stellations, although stars below the 4th magnitude 

are not included in the Spitz sky except in 

special cases, such as the several faint stars 
sky is re- that go to complete the Little Dipper. The 
Zeiss planetarium projector shows upwards 
of 7000 stars, most of them 5th and 6th 
magnitude and discernible with ordinary 
vision only under good or excellent sky con- 
ditions. These stars play no part in ordi- 
nary teaching of the constellations, and 
many beginners complain that in Zeiss 
planetariums the multitude of stars confuses 
them. 


Planetarium of 


As the projection “sphere” of the Spitz 
(a dodecahedron) is made of relatively soft 
plastic, anyone who wishes to do so may 
“improve” the stars by adding more faint 
ones, each with the prick of a needle or 
stylus, and he may move or delete others. 
In fact, an enterprise for an astronomy 


* Approximate attendance figures for planetariums in 
the United States: Average annual for 1946-1947: Hayden, 
Y.: 500,000; Adler, Chicago: 250,000; Fels, Phila.: 
150,000; Buhl, Pittsburgh: 140,000; Griffith, L. A.: 
120,000; Seymour, Springfield, Mass.: 10,000 
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group or class would be to order a Spitz 
instrument unperforated (probably at some 
cost saving) and then to put the constella- 
tions in the sphere right while learning 
them. 

With the Spitz instrument, indoor star- 
gazers may see the stars rise and set, and 
the sun, moon, and planets in their proper 
places among the stars for the date. But 
the vlanetary bodies and the sun cannot be 
made to move among the stars (except manu- 
ally) as in the Zeiss planetarium. While tnis 
is a major deficiency it should be noted that 
America’s large planetariums, which have 
the movements of the planets at the touch 
of a switch, include planetary motions in 
only about one third or one half of their 
monthly programs, 

It is possible with the Spitz to journey 
between the equator and the north pole of 
the earth, not all the way around the world. 
But this is no loss, as all of the southern 
stars may be seen by spending half a day 
(a few minutes) at the equator. The mid- 
night sun can be demonstrated and the stars 
of the six months’ polar night shown re- 
volving around the pole overhead. 

From the foregoing, one might feel that 
Pennsylvanians are the only ones active in 
promoting the stars for the common man. 
It is surely true that Pennsylvania has 
always been a leader in this respect, even 
from the early days of Benjamin Franklin 
and David Rittenhouse. And ‘Pennsylvania 
is today the only state with two large public 
planetarium installations. But in New Eng- 
land, enterprising Frank D. Korkosz, of the 
Springfield Museum of Natural History, a 
dozen years ago designed and built at a cost of about ten 
thousand dollars a projection planetarium in many 
ways equivalent to the Zeiss. With optical projection, 
heavy gears and mounting, his instrument leaves little 
to be desired, except that it does not show planetary 
motion. The Seymour Planetarium in Springfield has 
operated all this time with a regular schedule and an 
average yearly attendance of 10,000, Mr. Korkosz doing 
all the lecturing himself. There is no admission charge. 


And at Boston in recent years Bradford Washburn, 
explorer and director of the Boston Museum of Science, 
has leoked mere and more to the stars as being of 
special interest to the layman. Present plans for a 
large museum of science in Boston, the result of years 
of study, call for the inclusion of a planetarium seating 
at least 200 people, possibly an optimum size for a city 
the size of Boston. Another type of pinhole projection 
instrument, the product of the Peerless Planetarium 
Company of Toronto, has been purchased and is at 
present in storage awaiting its final installation in 
the projected building. The Peerless instrument is a 
kind of enlarged and glorified Spitz—in fact, it was 
constructed under the guidance and advice of Armand 


Tue Spirz projector used by the Traveling Planetarium 


Spitz himself. Other Peerless planetariums are in 
operation in Canada and there is one in Puerto Rico. 


The Spitz, however, is the instrument of the hour, 
for its ease of installation, portability, and general ver- 
satility, combined with low cost and upkeep, have re- 
sulted in the production of some 30 instruments and 
their distribution to points as far away as the palace 
of-the King of Egypt. 


Perkaps no one, however, has heretofore thought of 
a traveling planetarium, such as has been executed by 
the staff of the Boston Museum of Science. Although 
cramped for office and working space in temporary 
quarters at 109 Chestnut Street, Boston, the Museum 
has constructed an 18-foot portable planetarium dome. 
A relatively light trailer is used to transport the eight 
sections of this dome, piled one on top of the other and 
covered with a tarpaulin. The trailer is drawn by a 
light truck, in which the Spitz projector and other 
equipment is carried. A 5-inch Zeiss refracting tele- 
scope goes along for nighttime outdoor observations. 
The seating capacity of the dome is 50, but already this 
has been stretched to 60 and 65 school children. 


To provide smooth and quiet operation of the Spitz 
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Sertine up the Traveling Planetarium. Aluminum legs support the dome 


instrument by the lecturer, a control panel with silent 
jack switches has been wired into the original connec- 
tions. Rheostats control the brightnesses of the stars, 
the planets, and the lighting of the dome itself. Also 
on the panel are controls for the music, which emanates 
from a microgroove record-player installed inside the 
cabinet on which the projector is set. The loudspeaker 
for the music is located in the top of the dome, where 
there is also an air vent. 

The portable dome weighs 500 pounds in all. It is 
made of thousands of pieces of plywood, held together 
by 75 pounds of powdered glue and about 45,000 staples. 
Each section of the dome overlaps the next, and a light- 
tight curtain is hooked into metal runners below the 
dome skyline. Attached to the vent in the top of the 
dome is a large flexible hose through which a large 
fan in a portable unit continuously supplies a good 
volume of air. The clearance required of the dome 
center is about 14 feet. 

The first venture of this planetarium on wheels was 
in November last, at the South Boston Boys Club (a 
building that is a memorial to Charles Hayden, of 
Hayden Planetarium fame). There, in two weeks, 24 
lectures (informal, of course) were given to a total of 
1,200 children and adults. The boys of that club dis- 
played a knowledge of astronomy which, for their age 
level, exceeded that of any group this writer has en- 
countered before or since. 

In December, in typical New England winter weather, 
the planetarium took a 130-mile excursion to the town 
of Center Sandwich, New Hampshire, north of Lake 
Winnepesaukee. There, during the course of a very 
rainy Monday, nine talks were given, seven by day to 
school groups and two at night for adults. They were 
all capacity crowds, and the enthusiasm of the town 
fathers was very encouraging. The school groups came 
from towns as much as 15 miles distant. 

The third “stand” of the traveling planetarium was 
at Cathedral High School, Boston, where Father James 
T. Cotter contracted for as many lectures as could be 
given. The entire student body of Cathedral High 
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School, some 800, enjoyed the rare opportunity of a 
planetarium right in their school cafeteria, each stu- 
dent attending at least once. In the afternoon, groups 
from the parochial schools from Boston and environs 
kept this lecturer busy. In one three-day period just 
before Christmas, he gave a total of 25 lectures, which 
is probably a record for a planetarium speaker any- 
where. In late May, the planetarium returned to Cathe- 
dral High School for a two-week period. 

Each experience in the planetarium may be made 
different if the lecturer so desires, and in presenting a 
succession of talks one every 45 minutes, the writer 
attempts as many variations as possible, both for the 
sake of himself and his audience. In general, however, 
an introductory demonstration in the Boston Traveling 
Planetarium consists of the following parts: 

1. As the audience fills the chamber, music plays 
and continues until the audience is seated, when the 
lecturer takes his place on a stool by the instrument 
and fades out the music. Immediately he and the audi- 
ence sense the fact that they are close together, so that 
informality is the keynote. In this respect the small 
chamber has a distinct advantage over the large 65-75- 
foot Zeiss installations. I believe this is the most im- 
portant contribution the Spitz planetarium has made, 
and I think it results in making 25 minutes in a small 
chamber the equivalent in value to student and adult 
of 45 or more minutes in a large chamber. 

2. Some introductory remarks, about the dome, the 
instrument, the stars, occupy five minutes while the 
lights are faded out to adapt everyone’s eyes to the 
darkness. When the lights are out for a second or two, 

(Continued on Page 65) 
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Biologists Serve Mankind 


e By Peter Gray. Ph.D.,. (University of London) 
HEAD, DEPARTMENT OF BIOLOGICAL SCIENCES, UNIVERSITY OF PITTSBURGH, PITTSBURGH, PENNSYLVANIA 


This thought-provoking address was delivered 
before a group of distinguished workers in science 
at the formal exercises which marked the opening 
of Gregor Mendel Hall, recently acquired by Du- 
quesne University to house its rapidly expanding 
department of biological sciences. 


Dr. Gray refers briefly to the work of Semmel- 
weiss, Cuvier, Mendel and Pasteur to support his 
contention that the biological sciences have really 
profited only when they have been devoted to the 
service of mankind, and that mankind has been 
served properly only when the fundamental prin- 
ciple of research has guided the workers. 


Biologists have influenced the course of history 
by delivering man from three of his greatest fears 
— fear of disease, fear of pain, and fear of fam- 
ine. In discussing the latter, Dr. Gray denounces 
Soviet Russia’s rejection of the Mendelian prin- 
ciples of genetics on purely political grounds as 
the worst betrayal of the principles of science that 
has occurred during the past three centuries. 


It must be obvious to you that it was with very 
great pride that I accepted your invitation to speak 
to you on this occasion. It may not be so obvious 


that my pleasure was even greater than my pride, for 


to one who teaches the biological sciences there can 
be no happier event than the opening of yet another 
great department in this field. It is on occasions like 
this that one experiences to the full the meaning of 
academic life as distinct from the other forms of en- 
deavor. For, so far as I know, it is only in academic 
life that one can have competition free from malice; 
rivalry free from fear; and contention without strife. 
The reason that in the academic world we can have 
this competition, this rivalry, and this contention with- 
out any of their normal concomitant evils is that we 
all work in the service of mankind and for the better- 
ment of mankind. 

One of my purposes here this afternoon is te con- 
vince those of you who are not in the field of the life 
sciences that those of us who are, genuinely play a part 
in this service which academic life endeavors to render. 
This necessitates, I think, that I should analyze the 
biological sciences into their component parts and 
shou'd discuss briefly how each of these components 
plays its part in the eternal war which we all fight 
against ignorance and prejudice. 

It will be my contention in this discussion that the 


biological sciences are the most fundamental of all 
science for they deal with the problem of life itself— 


and mankind is living. I fear that there may be some 
among you who at this time have started to think of 
biological warfare and who may throw as opposition 
to my argument the contention that the biological 
sciences have shown themselves willing to stand with 
the physical sciences in the destruction of mankind. 
This is at the present time lamentably true, but I think 
we may point out that the defense against biological 
warfare has been going on for at least twenty centuries 
while the offense is only within the present decade. 
The defense against biological warfare is the entire 
medical profession who since time immemorial have 
stood shoulder to shoulder against the onslaughts made 
by biological organisms against man himself. I know 
of no other branch of war in which defense has so 
great a start over the offense, or in which there are 
so many million trained defenders compared to a small 
group developing defensive weapons. 


I think we may all be proud that those who teach the 
biological sciences play their part in the training of 
these defenders of mankind. There is no medical prac- 
titioner alive today who has not at some time or an- 
other in his career been exposed to a teacher of the 
biological sciences, and it is we, rather than his teachers 
in medical school, who first mold his opinions and give 
him his first glimpse of the scientific background of 
man’s body. Great though this service to humanity 
may be, however, it is but a very minor fraction of the 
work done by the biologists in the service of mankind. 


I wonder how many of you realize that the war 
against invading biological organisms costs annually 
more than any war of man against man has ever cost in 
the past. This war comprises the constant battle against 
insects, the constant battle against the fungi, the con- 
stant battle, in fact, against all those predators who 
since the first appearance of man on earth have strug- 
gled with him for the mastery of the planet. To my 
mind, however, one of the most staggering features of 
this war is the extraordinarily late date at which it 
started. 


Early man appears to have been entirely preoccupied 
with observations on his own body, and the writings, 
even of the earliest naturalists, consist for the most 
part of discussions of the human body, of what it may 
be made, and of the evils to which it may fall heir. 
Even when observation was extended from man to his 
environment it seems to have been confined largely to 
the plants, so that we may say, I think without question, 
that the botanists are the fathers of the biological 
sciences. We may presume, I think, that their first 
observations were towards those plants which would 
enable them to gather and store food, and we may 
therefore, with justification, claim that it is to those 
who first observed plants, and I insist on calling them 
botanists, that we owe the basis of civilization. 
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I should like to expand my point here to make it 
just a little clearer. When man was living literally 
from hand to mouth he was forced to hunt—whether 
he was hunting plants or animals is immaterial. Just 
so soon as by observation he had been enabled to select 
those plants which he could grow where he intended 
to remain, so did he become a stable population; and it 
was undoubtedly in the earliest of those stable popu- 
lations than man started to think of problems other 
than those of his immediate existence. From these 
thoughts there developed the earliest civilizations. I 
think you will see, therefore, that my claim that civili- 
zation was founded by botanists is not without reason. 


Once these stable civilizations had been established 
they were enabled to store and accumulate power—I 
hesitate to use the word wealth—and with this stored 
power to start expanding over the face of the globe. 
Those who expanded were not all soldiers, for men of 
academic interests moved outwards with the armies as 
well as with the colonists who followed them. These 
men were able to take what we would nowadays call 
an academic interest in their environment, and from 
the days of the Roman expansion up to the present 
time botanists have continued to observe and to de- 
scribe those plants which they believe to have been of 
value to mankind. It is inevitable that these early days 
of biological science should have been of observation 
and description, for the experimental method had not 
yet developed. Since medicine was without an experi- 
mental method it could not logically approach the 
problem of the Great Plagues which wiped out Rome 
and with it the hope of perpetuating the first Euro- 
pean civilization. 


In the Dark Ages which followed there was no bio- 
logical science worthy of the name, and superstition, 
with which was coupled a worship of authority, took 
the place even of the observations of the ancients. The 
resurrection of biological science after these Dark Ages 
followed exactly along the plan that had been laid down 
originally; that is, along the lines of observation and 
description. Little was, however, added until a new 
method of observation came to expand the horizons of 
the biological sciences. This new method was, of course, 
the discovery through the microscope of a vast horde 
of minute organisms whose existence had previously 
been suspected but which had never previously been 
demonstrated. Lenses of various types had certainly 
existed for a long time in the Roman civilization, and 
were certainly present in the Byzantine, but no one 
appears ever to have had the courage to disclose to 
the world what many must have seen. It was possibly 
a hangover from this attitude which left what is to 
my mind one of the most staggering gaps in the history 
of science. The gap between the disclosure of small 
organisms and the realization of the effects which these 
small organisms had on the general welfare of man- 
kind. Possibly those who made these observations were 
restrained from publishing them through the evident 
futility which had followed previous publications. 


It is probably known to most of you that a fungus 
growing on rye produces large quantities of the reagent 
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ergot, chronic poisoning from which has the symptoms 
known in the Middle Ages as St. Antony’s fire. It was 
observed as early as 1567 that St. Antony’s fire resulted 
from the eating of moldy rye, and ten years later the 
physician to the Duke of Chartiers conducted practical 
experiments by which he demonstrated that the feeding 
of a certain number of grains of moldy rye would 
produce the well known symptoms. 


The attitude of mankind at that time appears to 
have been “so what’—for not one single attempt was 
made to prevent the molding of rye or to fight the 
organism—clearly visible to the naked eye—which 
was responsible for it. I often wonder how many thou- 
sands of observations must have been made which the 
makers kept to themselves because they realized that 
their contemporaries were not yet ready to do some- 
thing practical about the information which they were 
given. This is a very inglorious phase of the biological 
sciences and I think that in our own defense we must 
examine a little more clearly the mental background 
which led to it. That mental background was simply 
that search had not yet been replaced by research. 


All that you had to do to become a great scholar 
was to search through the writings of the past, for 
there you would find “truth”’—it did not matter how 
improbable to you this truth appeared. If you con- 
cerned yourself with the divisions of opinion which ex- 
isted between the ancients then you were a philosopher; 
if you concerned yourself only to accept that which was 
written, then you were a scientist. It seems almost in- 
conceivable to us now that Pliny’s description of the 
production of pearls from the condensation of dew 
drops in oysters, or the well accepted description of the 
production of geese from barnacles, was a matter 
which could not be queried. Among “scientists” of the 
time it had to be held almost as an article of faith 
that if you searched long enough you arrived at the 
truth but never, as we do today, did you research and 
research the facts as presented to you in the hope 
that you might find them wrong. I possibly take a 
too cynical view of research, but it appears to me that 
our entire modern science, has come from this habit of 
questioning everything that we read in the field of 
science, and researching for ourselves the sources 
from which it was obtained. That lack of ability to 
research was, I am sure, what kept the discoverers of 
ergotism, the St. Anthony’s fire of which I have spoken, 
from doing anything about it. They made a discovery 
but it was not necessary for anyone, after that dis- 
covery had been made, even to query it, or to research 
the moldy rye. I am afraid that that is a rather lame 
excuse for the fact that biologists allowed mankind to 
wallow in misery for years, but it is the only excuse 
which I could find. 


I wish I could take you from this melancholy picture 
to a picture of the glorious realization that came to man- 
kind when he first discovered small organisms through 
a microscope. Nothing of the sort, of course, took place. 
It never occurred to anyone that these small organisms 
might be the cause of disease; or, to be more exact, 
those persons to whom it did occur were hastily sup- 


j 
| 


per 


pressed as presenting a point of view dangerous tu the 
entrenched opinions of the scientists. 


The first man to do anything about human infection 
at all was Semmelweiss who, as I am sure you are 
aware, dropped the puerperal fever death rate from 80 
per cent to 15 per cent by the simple expedient of 
suggesting that the attending physician should wash 
his hands between cases. Semmelweiss did not know 
why they should be washed; he made a practical obser- 
vation and suggested that people follow it. 


I wish that I could in some measure romanticize for 
you the reactions of the scientists at that period. I 
wish that I could present to you Semmelweiss as an 
heroic figure defending his views. I wish even that 
I could present him to you as a figure of tragedy. 
It is again a typical commentary of the depths to 
which biologists had sunk—taking, needless to say, 
the medical profession with them—that he remains 
in history only as a figure of humor. The world 
resounded with the laughter of those who said that 
doctors were gentlemen and that a gentleman’s hands 
were not dirty. Semmelweiss was not dismissed, he 
was laughed out of his employment. He sank lower 
and lower until ultimately he died a madman scorned 
by all, in great poverty in France. His death, then, 
finally convinced the scientific world that research— 
that is, the drawing of logical conclusions from re- 
peated observation—was something which was to be 
regarded in a humorous, rather than a serious light. 


Of course, you understand that all this happened to 
an experimentalist. The philosophers and observers 
were still up to their old tricks. We may take as the 
archetype of the observers cf this period that delightful 
character, the Baron Cuvier. He was, according to the 
lights of that day, an enthusiastic natural historian, 
who acquired the very pleasant and important job of 
keeper of the King’s collections. His first and imme- 
diate task was, of course, to observe and to catalogue 
them, and he did so with a degree of accuracy which I 
do not think has ever since been equaled. In those 
days they rarely articulated skeletons; so he took over 
boxes and boxes and boxes of bones. The box was at 
least properly labeled, and he extracted each bone, 
identified its position in the body and solemnly meas- 
ured it, in some instances with an accuracy of a hun- 
dredth of an inch. One of the boxes puzzled him very 
much. It contained the bones of a badger and there 
was not the slightest doubt, on the basis of his meas- 
urements, that the limbs of the right side were shorter 
than those of the left side. He sat down, with the 
philosophical-scientific outlook of the period at his 
command, to find out the reason for this curious obser- 
vation. He finally came up with a theory based on im- 
peceable logic that the badger was an animal which 
lived on hillsides and had therefore been provided with 
shorter limbs on one side to make his movement the 
easier. This is a typical end-product of the reasoning 
of those who do not need to make observations, and I 
think we may call Cuvier the last of the really im- 
portant biologists who regarded observed fact without 
any research of his facts as the basis of a conclusion. 


It was not, in fact, until well along in the next cen- 
tury that is, in the nineteenth century, that the prin- 
ciple of research ultimately overrode the old principle 
of search. I am afraid that chemists and physicists 
are a great deal too liable to take to themselves the 
credit for having introduced these methods into the 
biological sciences. I think that the biological sciences 
were probably freer of the influence of chemists and 
physicists at that time than they are today, for cer- 
tainly two of the most fundamental contributions to our 
modern understanding of living were made by the Monk 
Gregor Mendel and the English natural historian, 
Darwin. Darwin, together with Wallace, observed na- 
ture on 1 really large scale, and they deserve credit, 
not only for their contribution of a theory—a theory 
which has contributed immensely to our understanding 
of natural phenomena—but also for what is to my 
mind an even greater contribution—to get biology out 
of the laboratory, where it had stagnated for some 
centuries, into the open fields. The work of Father 
Mendel provided a mechanical explanation for the ob- 
servations that had already been made, but he deserves 
a credit out of proportion to almost any biologist of 
his period for his painstaking, and I will reemphasize 
this word, research of his results. 


Since this building in which we are now standing 
commemorates the greatness of Gregor Mendel, I 
think that we might say a few words about him in par- 
ticular. There are a few scientists whose name is better 
known but whose biography is less known. It will prob- 
ably surprise you to learn that in the Encyclopaedia 
Britannica there is a long article on Mendelism, but 
there is no biography of Mendel. It will also probably 
surprise you to know that there are more relics and 
records of Mendel in the United States than in his 
native Czechoslovakia. 

It so happens that the only biography of Mendel 
was written by Dr. Hugo Iltis, and when Dr. Iltis was 
chased out of his homeland by the Germans he came to 
this country and is at present, or was when I last met 
him a few years ago, curator of the Mendel collection 
in the University of Virginia. I should counsel all of 
you who can, to go there, for you will learn more about 
who Mendel was and what he did by some hours in the 
delightful surroundings of that museum than can ever 
be conveyed to you in any other way. There seems to be 
a sort of popular delusion that Gregor Mendel was a 
talented amateur who made a contribution to science. 
There is also a custom of calling him Abbé or Abbot 
Mendel which is quite ridiculous; for by the time he suc- 
ceeded to be the director of the Monastery his botanical 
days were over. 


Gregor Mendel was born to farming parents, so he 
had observed plants from his earliest days. He was, 
however, destined for the Church, and he was ordained 
priest in 1847. He did not, however, at that time enter 
a monastery but went to the University of Vienna. 
After he left the University of Vienna he entered the 
monastic house of which he subsequently became direc- 
tor and attached to which there was a small garden 


(Continued on Page 66) 
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Teaching Young Students to Fly 


e By D. F. Stone, niversify of Southern California) 
HEAD, AERONAUTICS DEPARTMENT, PHOENIX COLLEGE, PHOENIX, ARIZONA 


Here is an account of a pioneering project in 
aviation education conducted by a public high 
school and junior college system that believes 
tha! there is no fundamental difference between 
teaching pupils to drive an automobile or to weld 
or to cook, and teaching them to fly an airplane. 


The fine success achieved in Phoenix should 
stimulate other schools to initiate similar practi- 


cal programs. 


lishment of a complete two-year program of aviation 
education. Upon his recommendation, and with the 
full support of the president of the college, a flying 
club was established in November, 1945. A new Aeronca 
Champion was purchased with funds derived from 
the government-sponsored training programs mentioned 
above. These funds had been impounded and ear- 
marked by the Board of Education for the promotion 
of aviation education in the Phoenix Union High 
School and Junior College system. The club was organ- 
ized on the following basis: 


Quite a few years ago the administration of Phoenix 
College became interested in promoting a program of 
aviation education in the two-year college program. 
After careful investigation a special committee, ap- 
pointed for the purpose, recommended the inclusion 
in the college curriculum of certain zround school sub- 
jects, and the option of practical flight training, the 
latter to be financed entirely by the student. 

The stock market crash in 1929, and the resulting 
depression prevented actual fruition of these plans. 
When the Civil Aeronautics Act was passed in 1938, 
and a program of government-sponsored flight and 
ground training was initiated, Phoenix College was 
among the first to participate in the new program. 
During the ensuing five years, the college trained over 
1200 student pilots through the CAA Civilian Pilot 
and War Training Service programs. 


1. Membership was open to any college stu- 
dent in good standing, able to pass the CAA 
Class 3 medical examination. 

2. An airplane owned by the college was to be 
purchased from the aforementioned aviation fund. 
All operating, maintenance, insurance and de- 
preciation charges were to be borne by the mem- 
bers of the flying club. 

5. The flight program, scheduling of flights, 
responsibility for safe operation, and other 
details affecting organization and administration 
of the flying club were to be under the direct 
supervision of a faculty sponsor approved by 
the president of the college. 

4. Each member would pay five dollars per 
month dues, and two dollars and twenty-five cents 
per hour of solo flight time. Dual flight time 
would cost three dollars per hour additional for 
the services of a flight instructor. 

5. Appropriate penalties were determined for 


The writer, who had served as coordinator of the 
programs from the start, envisioned the post-war estab- 
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violation of CAA flight rules, the rules set up 
by the college, and the regulations established 
by the club. 

The club was duly organized with a mem- 
bership of twenty members. By-laws were 
written and adopted and student officers 
chosen. 

In January, 1946, the new airplane was 
delivered and operation of the club began 
under the name “Wings and Goggles Flying 
Club.” The club has enjoyed continuous 
operation ever since and at this writing, the 
original airplane, 81828, has accumulated 
some 1500 air hours, with several major 
engine overhauls and one re-covering. 

Early in 1946, the aviation committee of 
the Phoenix secondary school system de- 
cided to start a faculties’ flying club in 
order to provide practical aeronautical ex- 
perience for teachers of the system. Although 
the new club, the Pegasus Flying Club, did 
not receive the support nor create the in- 
terest in flying among teachers that the 
Wings and Goggles Flying Club did among 
students, a number of teachers completed 
training and received their private pilot 
certificates. 

(Continued on Page 70) 
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Biology---What and How? 


e@ By James €. Adell, A.M., (Columbia University) 
CHIBF, BUREAU OF EDUCATIONAL RESEARCH, BOARD OF EDUCATION, CLEVELAND, OHIO 


This paper discusses how to teach and what to 
teach in order to place learning in high school 
bielogy on a new and higher plateau. Learning 
by doing is the method of choice since it gives 
pupils the best understanding of basic facts and 
principles and develops important and useful be- 
havior-desires. 

Experiments, classroom discussions, and other 
activities must be a part of one continuous and 
related learning experience. The sequence of 
units should be determined by the seasonal accessi- 
bility of materials necessary for the experiments. 
The textbook must not dominate the course. 


Today more than ever before we need the best educa- 
tion possible for our boys and girls. The advances of 
science have made the entire world one neighborhood. 
As long as very different ideologies had little con- 
tact, the causes for misunderstanding were relatively 
few. Now very different ways of life and quite different 
ideas about living are jostling each other in a fear- 
some turmoil. 

Everyone is struggling for economic and _ political— 
to say nothing of emotional—stability in a world of 
whirling change and uncertainty. International eco- 
nomic problems react on our national economy, and 
developments in the international economic situation 
often result in unpredictable changes in our own gov- 
ernmental policies. 

In view of this situation, what are the best ways to 
utilize the great scientific discoveries and the great 
scientific advances? As adults, we cannot be too proud 
of the job that we have done in solving our compli- 
cated problems. Recognizing this, we must place the 
education of our boys and girls on a new and much 
higher plateau. To learn how to reach this higher 
plateau educators must answer several questions: What 
educational experiences will enable the pupils of today 
to achieve better results than we adults have achieved ? 
What will enable them to live more happily with a 
more satisfying sense of social usefulness and a sense 
of achievement over obstacles? How can we help boys 
and girls to contribute to the social welfare as much 
as their individual abilities will permit? 

To reach these objectives, educational experiences 
are needed that will cause boys and girls to want to 
behave in socially desirable ways and to want to con- 
tribute what they can to the betterment of conditions 
in the community, the nation, and the world. For con- 
venience, we have used the term behavior-desires to ex- 
press the idea (1) of pupils wanting to behave in 
socially desirable ways; (2) of pupils wanting to make 


conditions better locally, nationally, and in the world 
community; and (3) of pupils wanting to understand 
the privileges of citizenship and of being willing to 
assume the responsibilities of citizenship in our de- 
mocracy. Someone expressed much the same idea when 
he wrote, “Force can keep a boy from being bad, but 
being good must be his own idea,” 

Even though an individual is an encyclopedia of in- 
formation, if he scoffs at doing the things that would 
make him an asset to the social group, he is a social 
loss. Therefore, we must provide learning situations 
that will enable pupils to acquire the defined behavior- 
desires. 

For the purposes of this paper, the discussion is 
limited to educational experiences in high school biology 
that will make significant contributions to the develop- 
ment of behavior-desires—educational experiences that 
will place the learning in biology on a new and much 
higher plateau. The HOW will be considered before 
the WHAT. 


Biology is a science. Biology must be learned as any 
science is learned. Learning science and finding an- 
swers by experiment, observation, and critical discussion 
are one and the same thing. It is impossible to teach 
science effectively and at the same time depart from 
the methods of science. When a teacher is using the 
methods of science in his classes, he is teaching science 
and the pupils are learning science—the class is not 
merely talking about science. This is a significant dis- 
tinction, unfortunately a distinction not understood by 
most science teachers. 


It is no accident that true science learning is essen- 
tially learning by doing. No educator was surprised 
that the trainees in all branches of the armed forces 
learned so much, so rapidly. The most efficient methods 
of learning known to educators were used. Whenever 
equipment was available, the trainees learned by work- 
ing with it. If equipment was not available, models or 
“mock-ups” of equipment served. Visual aids were 
widely used. Workbooks, job sheets, and work sheets 
were commonly employed as guides in the learning 
process. 

Learning-by-doing involves not only visual learning 
(through the eyes—reading and observation) and audi- 
tory learning (through the ears—listening), but kin- 
esthetic learning (through the muscles—manipulating 
and feeling). One type of learning reinforces the other 
types of learning. Not all of us learn with equal effi- 
ciency through our eyes, ears, and muscles. However, 
maximum learning is achieved when simultaneous learn- 
ing takes place through the eyes, ears, and muscles. 

Learning by experiment, observation, and critical 
discussion gives pupils experience in seeking out and 
recognizing cause-and-effect relationships. Probably 
the understanding of cause-and-effect relationships has 
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done more to free us from superstition than any other 
one thing. The habit of seeking cause-and-effect rela- 
tionships is at least in part an outcome of seeing and 
understanding the cause-and-effect relationships in 
many experiments. Objectivity in thinking is developed 
by critical discussion of cause-and-effect relationships 
day after day in science classes. 

Demonstrations, field trips, and individual experi- 
ments many times open up entirely new vistas of ideas 
and understandings that were completely outside any 
previous experience of the pupil. For example, for any 
pupil to see for the first time under the microscope the 
tiny world of busy protozoans is a thrilling experience. 
Up to that moment, he had never been able to imagine 
such activity by such small creatures. Again, when a 
pupil through the microscope sees red blood corpuscles 
circulating in the tail of a fish or a tadpole, he has an 
unforgettable learning experience. The demonstration 
of the growth of chick embryos in eggs in an incubator 
gives the pupil another memorable learning experience. 
On the third day of the incubation of the egg the pupil 
actually sees the beating heart of the chick embrye. 
No amount of reading would produce the same under- 
standing of these life processes as these simple ex- 
periences. 

Many teachers have found still another and perhaps 
equally important advantage in the method of learning 
by doing. Pupils who are below grade level in reading 
ability have been able to learn readily, for less reading 
is required in the method of experiment, observation, 
and critical discussion. 

We recall visiting a particular science class in which 
experiments were being carried on by pupils. The 
experiments developed the understanding of principles. 
Cause-and-effect relationships were brought out. Pupils 
asked questions. They repeated parts of the experi- 
ments in different ways. Guided by the teacher, the 
discussion was excellent. After the pupils had passed 
out of the classroom, the instructor turned to us and 
said proudly, “You never would have guessed that this 
was a class of reading handicaps, would you?” 

The conclusion seems inescapable that learning bi- 
ology by learning-by-doing—the method of experiment, 
observation, and critical discussion—is the one that 
must be used, if education in biology is to be placed on 
a new and much higher plateau. Biology learned by 
this method not only gives the pupils the best. under- 
standing of basic facts and principles, but also de- 
velops the behavior-desires so needed in our country 
today. 

We must now turn our attention to the WHAT of 
high school biology. The quantity of biological infor- 
mation in our textbooks today has become voluminous. 
It is futile to attempt to “cover” all of it by assigning 
a certain number of pages to be read each day. Many 
teachers feel that they “must complete the book” re- 
gardless of how little is learned by the pupils. In some 
places “there is no time for teaching by experiment.” 
The teachers feel compelled to expose the pupils to the 
required number of pages because the pupils must take 
monthly tests. For these teachers, the major objective 
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in biology becomes covering 700, 800, or 900 pages of 
the text. Truly, this is a most regrettable situation. 
These school experiences tend to undermine rather than 
develop the behavior-desires wanted as an outcome of 
the course. 

There is only one solution to this phase of the prob- 
lem. Since students cannot be expected to learn all of 
biology in a one-year high school course, they should 
concentrate on those basic principles and fundamental 
facts of biology that will contribute most to the de- 
velopment of satisfactory behavior-desires. Such great 
principles as the unity of truth and the continuity of 
life must have a broad basis of understanding. Every 
experiment should make a contribution to the pupil’s 
appreciation of the unity of truth. Perhaps the prin- 
ciple of the continuity of life is best developed by the 
thrilling tale of the history of the earth as revealed by 
evidence in the rock layers of the earth. The pupils 
see how plants and animals developed through the great 
ages of time, from the simple cell to the highest and 
most complex organisms, and they come to understand 
the relationships of the great groups of plants and 
animals. The story of the rock history of the earth 
does two things: (1) it gives the pupil the broad per- 
spective needed for relating biological facts and prin- 
ciples, and (2) it makes meaningful the principle of 
the continuity of life. 

For the most effective learning, the experiments, 
class discussions, and other activities must be part of 
one continuous and related learning experignce. In 
years past, there have been biology classes in which 
pupils took two independent courses at the same time. 
Laboratory work was scheduled on a certain day of 
the week. The other class periods were devoted to 
recitations from the text. Rarely did the two courses 
coincide. It is unnecessary even to suggest the un- 
desirability of such an arrangement. 


After the fundamental facts and basic principles of 
the biology course have been selected, it is necessary to 
organize them into a course of study or an outline of 
sequential learning experiences. The sequence of the 
learning experiences will be of necessity determined by 
the availability of the materials required for the ex- 
periments. Seasonal change will largely determine the 
order of the units. For most of the schools in the 
United States, materials are available for the study of 
flowers, especially reproduction and seed dispersal, in 
the first weeks of the fall semester. The time of the 
school year that live out-of-door insects are available 
for class work is early in the fall. The study of repro- 
duction in flowers makes a good background for the 
study of reproduction in insects. During the study of 
insects, pond water and pond scum may be brought inte 
the class room in preparation for the study of the 
fundamental unit of structure, the cell, in connection 
with the study of single-celled plants and animals. 
These few examples illustrate how the order of the 
units or organized learning experiences is determined 
by seasonal change. 


To sum up, the fundamental facts and basic prin- 
(Continued on Page 76) 
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What Are We Trying to do in 
Elementary School Science? 
e By Charles K. Arey. Ed.D.. (Columbia University) 


ASSOCIATE PROFESSOR OF EDUCATION, UNIVERSITY OF ALABAMA, UNIVERSITY, ALABAMA 


To the teacher who has a clear idea of what 
she wants to accomplish, teaching science to 
young children is not just a matter of methods, 
materials, and techniques. Her chief objective 
will be, or should be, to help pupils derive from 
their planned or casual science experiences mean- 
ings of immediate and long range social value. 
This penetrating article tells in detail how it 
can be accomplished. - 

Teachers who feel ill at ease in science will 
find here encouragement and definite help. They 
may care to adapt some of the projects Dr. Arey 


In spite of the excellent curriculum and textbook 
materials which have been prepared, and in spite of 
the splendid training offered in several outstanding 
institutions, there still seem to be too many elementary 
school teachers who feel insecure in science. This 
should not be so. Science has more to offer in the way 
of direct connection with the lives of children than 
most school subjects have. 


describes. 


Perhaps one reason why those who have not taught 
science are sometimes a little afraid to do so is because 
they are not entirely clear in their own minds just 
what they are trying to do. Being unclear about out- 
comes they seek for tricks of method, for spectacular 
demonstrations of subject matter, or for some magic 
key which will assure them of success. 


Teachers in general are probably tired of hearing 
about objectives. Student teachers are prone to look 
bored when the subject of objectives or outcomes gets 
into the “methods” class, but still there is not much 
point in trying to do something unless we are clear 
just what we are trying to do. And there is not much 
point in teaching science for the sake of teaching sci- 
ence. There is little justification for a given bit of 
learning or for a given science activity merely because 
it happens to be easy to do, or merely because the 
material happens to be at hand, or merely because it 
happens to provide a spectacular demonstration. We 
must seek deeper for reasons. It might be that in the 
deeper search for valid objectives, we shall find the 
answer to some of our problems of methods, materials 
and techniques, for if we are quite clear as to what 
we are trying to accomplish, appropriate means will 
in all probability suggest themselves. 


Suppose we tackle this problem of objectives in sci- 
ence from a little different angle than is usually done. 
Suppose we start with the experiences children have 
anyhow, sometimes through our connivance, some- 
times not. By this is meant the experiences of daily 


living, in school and out. Children are always having 
science experiences with balance and weight, with 
inertia and energy, with electrical and mechanical 
toys, with plants and pets, with health and sickness, 
and many others. Some are intentionally provided by 
the school, others occur in daily living regardless of 
the school. 

As experiences containing certain common elements 
are repeated, children come to see patterns of meaning 
in them. In other words, they come to deal not with 
the elements of experience separately, but with mean- 
ings derived from experience. This in a sense is the 
process of generalization. For example, a very small 
child soon learns that he must wind up his toy before 
it can go. From that he goes on to learn that he must 
wind up all of that class of toys before they will go. 
He learns that fuel must be supplied to the fire and 
gasoline to the car. He learns that the vacuum cleaner 
must be plugged in. And he is well on his way toward 
the meaning “‘you’ve got to put something in before 
you can make it work.” 

Now meanings are not all of equal value in our 
society. The meaning “I can get across the street ali 
right if I run fast enough” has less value than the 
meaning “I can get across safely if I wait for the 
light.” So one job of the school is to insure the develop- 
ment of meanings with social value. In short, we should 
focus our attention on the development of meanings 
which are valuable to the individual as he takes his 
place as a member of society. 


“Social values” does not mean the values of an adult 
society alone. Children are members of society too, 
and I am not suggesting that the job of the elementary 
school is to develop meanings which must wait for their 
usefulness until children become adults. Rather it is 
suggested that meanings of value in social adjustment 
on the child’s own level be developed. As the child 
grows, his understanding enlarges while he moves step 
by step toward adulthood. Growth is continuous, and 
we prepare for the future one step at a time. 


But these social values themselves are only a part 
of the long-range objectives of education. They take 
on importance as they make their contribution to the« 
ultimate outcomes the school is seeking to accomplish. 
If the school sets out to produce intelligent citizens 
of a democracy, such citizens must have certain quali- 
ties. If the school were to set out to produce ideal 
citizens of a totalitarian state, presumably such citizens 
would exhibit entirely different qualities. Thus in the 
last analysis, our science program and the things it 
stresses finds justification only as it makes some con- 
tribution to the outcomes the school is trying to achieve. 


Permit me to summarize briefly at this point. Chil- 
dren have science experiences. Under guidance mean- 
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ings are derived from these. These 
meanings may have social value. 
And social values may contribute 
toward the long-range purposes 
(call them values, too, if you like) 
of the school. 

I have discussed the process as 
though it worked only one way, 
beginning with experience. Prob- 
ably from the standpoint of the 
learning process that is so, but in 
the planning process it can work 
both ways. What I am trying to 
say is that a good many of the 
experiences we provide in school 
are chosen, or should be, for the 
contribution they can make to the 
big outcomes we hope to achieve. 
You can start with experiences 
which are bound to happen anyhow, 
or you can start with the values 
you hope to achieve and deliber- 
ately plan for experiences to hap- 
pen. As a matter of practice the 
intelligent teacher does both. It is 
a poor teacher who sits around 
waiting for incidents to happen so 
that she can build toward a value 
she has in mind; yet only the 
teacher who is not alert ignores 
the occurrence of unplanned events 
which may help her to achieve her 
purpose. 

The general approach outlined 
here may prove valuable in three 
ways; first, it enables the teacher 
to organize her science program so 
as to include those planned experi- 
ences which may be made to con- 
tribute to the achievement of the 
long-range or over-all objectives of 
the school; second, it gives her a 
sense of values to enable her to 


capitalize on the unplanned experiences which occur 


in the lives of her children; and third, it helps her te 
teach in such a way as to ensure the development of 
desirable and useful meanings and values. For we 
‘annot be sure that the meanings children develop will 
be desirable ones unless we guide them in that direction. 


Teachers need to think deeply about the social im- 
plications of all that they teach, not just for today anda 
tomorrow, but for the long time to come. Science is a 
powerful tool. But like all tools, it can be used for 
good or for evil. The choice rests with the people of 
the world. Whether or not that choice will be a wise 
one might well be a matter of major concern to our 
elementary school teachers. Many schools set forth 
their purposes in such terms as health, wise use of 
leisure time, use of democratic processes and so on. 
Science can make its contribution to these and many 
more, for it extends to us the possibility of making 


FIFTY 


PourtH Grapt 


SCIENCE COUNSELOR 


Cuipren in a Fort Wavne. Indiar public school learn about bees 


better adjustments to life than we have hitherto made 

-if we choose to make them. 

“But,” says some primary grade teacher, “what on 
earth has all this to do with my second grade? I can’t 
teach any of that to my little ones.” Let’s see about 
that. 

In a certain two-room rural school, the children in 
the second grade liked to use phonograph records for 
their games. They wanted some new ones. They talked 
over ways of earning money, and decided to raise and 
sell some chickens. They secured a broody hen and a 
setting of eggs. They needed a suitable place for the 
hen to nest, so they built one. They calculated the 
cost of their eggs. They learned what the hen needed 
in the way of food and care. They bought feed. They 
watched how the hen cared for the eggs. At length 
some of the eggs hatched and some didn’t and they 
(Continued on Page 76) 


— 
‘ 
| 
| 


for JuNE, 1949 


The Carnegie Nature Contest 
From Grass Roots to Grad Groups 


e By Jane A. White 


DIVISION OF EDUCATION, CARNEGIE INSTITUTE, PITTSBURGH, PENNSYLVANIA 


A notably successful con- 
test designed to stimulate 
the interest of the school 
children of the Pittsburgh 
district in the natural sci- 
ences has been operated by 
Carnegie Institute for the 
past 15 years. Here its 
alert and enthusiastic 
founder and director tells 
about its inception, its 
operation, and the splendid 
results it has achieved. 


High schools and col- 
leges everywhere could well conduct similar con- 
tests on levels suited to their student groups. We 
hope this success story will stimulate them to 


Every day is children’s day at Carnegie Institute, but 
the Educational Staff always red-circles the first Sat- 
urday in May for a special group—the young natural- 
ists of the tri-state area. On that day hundreds of 
elementary and secondary school children from public, 
private and parochial schools of the tri-state area com< 
to Carnegie Museum to compete in the fifteenth annual 
Carnegie Nature Contest. These children have spent 
many hours in study and preparation. For some, the 
contest is the end of the effort; for others, it is just the 
beginning. Their imaginations have been stirred, 
their interests aroused: within this group of young 
n aturalists 
of today 
are tomor- 
row’s men 
and women 
of science. 
As I view 
this passing 
parade, I 
single out 
here and 
there a fa- 
miliar name 
—a winner 
of years 
ago—and 1 
recall how 


Miss Jane A. Wuote 


do so. 


test were planted on April 16, 1932. That was an impor- 
tant day for the Junior Naturalists. It was the day that 
“Mother Nature’s Helpers” was presented in Carnegie 
Museum Lecture Hall. The boys and girls of the Junior 
Naturalist Club had worked long and hard on this orig- 
inal play, first writing essays and finally creating a 
script from them. Then the script was presented to the 
children of the Pittsburgh public schools, who were asked 
to write original music for the play. They accepted the 
challenge of the Junior Naturalists. The songs they wrote 
were good; in fact, Dr. Will Earhart who was Director 
of Music of the Pittsburgh Public Schools at the time, 
said: “Arise, Oh Sun is a remarkable example of song 
creation.” Through the cooperation of Mrs. Sara Marie 
Herbert, a supervisor of music, the successful presenta- 
tion of this play and many others was made possible. 


Biology Club Cooperates 


The Biology Club of Pittsburgh soon became aware 
of the zeal with which the children participated in 
these play programs. After many committee meetings 
with the Educational Staff of Carnegie Museum, it was 
decided that, if the children’s interest in Natural Sci- 
ences was so great as to create and produce a play, 
they would also like to participate in a contest—a na- 
ture contest in which every child would take part and 
have equal opportunity with all the others to take “the 
leading role.” 


Study Lists 


A nature study list is made up in summer in prepara- 
tion for the following year’s contest. On this list are a 
number of specimens to be identified as well as questions 
to be an- 
swered on 
the various 
fields of 
natural his- 
tory. 

Last year 
the clemen- 
tary study 
list, for 
grades five 
through 
eight, em- 
phasized 
the geo- 
graphical 
distribution 


the contest of plants 
began. and ani- 

The roots mals. The 
of the con- CONCENTRATED ATTENTION is given the specimens in the nature contest contestants 
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were asked to identify specimens such as diplodocus, 
calcite, balsam, sea anemone, roach, copperhead, wood 
thrush and sea lion, and the first question asked was: 
What bird furnishes the best material for sleeping bags 
used in the Arctic? Coyla Bell, age twelve, of Linden 
School, won the first prize with a perfect score, the first 
perfect score achieved in the fourteen years the tests 
have been given. Her award was “Birds of Western 
Pennsylvania,” autographed by W. E. Clyde Todd, the 
author, who is now curator emeritus of ornithology. 


The boys and girls who participated in the senior 
contest, grades nine through twelve, were asked to in- 
clude in their study for the contest information on the 
evolution of living things. Many of these youngsters 
visited the Museum frequently before the contest to 
become more familiar with the various species, to talk 
with the curators, and particularly to observe the ex- 
hibit showing the evolution of the horse. Questions 
ranged through such subjects as the following: What 
large fossil vulture was flightless? Of what continent 
is the honey bee a native? What mammal lays eggs? 
Where is it found? What were the three most im- 
portant civilizations of American Indians? The first 
prize winner in the senior contest was Ruth Geist, of 
Shaler Township High School. 

The students who entered the senior contest were 
asked to write a paper on the migration of any one 
bird, telling where it nests, where it winters, and the 
route it follows during migration. This paper included 
also the conservation value of the bird and present 
methods used to protect the bird. The first prize was 
won by another student from Shaler Township High 
School—William H. Venable—who wrote “The Migra- 
tion of the Canada Goose” which was published in 
Carnegie Magazine, October, 1948. 

In addition to the individual prizes the school earn- 
ing the greatest number of quality points receives an 
award. Last year, Linden School was the winner and 
received “Two Parrots,” a water color by the Carnegie 
Museum staff artist, Ottmar F. von Fuehrer. 


Because of the many changes in Museum exhibitions, 


Senior Group identifying prehistoric animals. 
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this year we placed circles on cases which contain 
nature-contest material. The white circles, printed 
“Junior Contest Material” and the pink circles “Senior 
Contest Material,” help the children to spot the case: 
containing the specimens which are on the study list. 
The circles on the cases also attract the casual visitors, 
many of whom ask the guards, “What is this contest 
all about?” In this way the contest reaches out to 
many more members of our community. Each guard 
was given a study list so that he would become familiar 
with the contest and thus be able to answer the many 
questions of visitors and direct the contestants to vari- 
ous specimens. 


Historical Biology in 1950 Contest 


Next year’s contest list is planned to emphasize his- 
torical biology from the viewpoint of outstanding men 
and women, their problems and contributions to science. 
I agree with Dean French of Colgate University, who 
recommends encouraging students to become familiar 
with early scientific problems, how they arose, how they 
were attacked, and the significance of their solution tc 
society in order to produce a real fundamental under- 
standing of science which can then be applied to scien- 
tific problems of our times and be assimilated into our 
culture. The entrants of the 1950 contest should be 
well aware of the importance of historical scientific 
problems by the time they are prepared to participate 
in that contest. 


Students’ Interest Apparent , 


The Carnegie Nature Contest attracts children from 
far and near. Latrobe High School one year won three 
prizes and their teacher, Miss Virginia Daniels, wrote: 
“Thank you again, Miss White, for everything you have 
done for us. It has been a pleasure to work for the 
contest even if we are not tops. Don’t ever think of 
giving it up for you can always count on us as long 
as we can secure transportation.” 

Shaler High School in Glenshaw, Pa., in 1948 had 
the honor of having the first prize winner of the high 
school contest in their group, and also the winner of 

the bird essay which was an entrance require- 
ment for the seniors entering the contest. Mr. 
Little, the Shaler High School teacher states: 
“T know that the students receive great benefits 
from this work, for there have been many 
evidences of their additional knowledge crop out 
in classroom recitation. Also, their parents hav: 
voiced their thanks and appreciation for this 
added study which their children have had in the 
museum on Saturday mornings and afternoons.” 

Mr. Walter F. Shively, from Taylor Allderdice 
High School, in Pittsburgh wrote: “I feel I 
should like to tell you some of my experiences and 
impressions of the program you offer to the 
nature-loving boys and girls of Pittsburgh and 
the suburban areas. About the time the ice is 
gone in our shallow ponds and the spring peepers 
take over with their never ending chorus, and the 
skunk cabbage and crocus make their appearance, 
a call goes out for boys and girls interested in 
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nature to come together for the first nature-study 
class. After a few meetings our group becomes 
reduced to those boys and girls who are really 
interested and want to get on with the Nature 
Study list. Each pupil is given a study list. We 
go over the complete list. It is always a delight 
to be present on the day of the contest. The en- 
thusiasm of these young naturalists is genuinely 
stimulating. They are orderly, collected, and ready 
for their list. You and your staff have so well or- 
ganized and systematized the giving of this con- 
test that it seems most like a daily routine for the 
boys and girls.” 


Carry-over Into School Activities 

One school, Mount Morris, has participated in the 
contest since 1934. Mr. Glenn Boyer, the teacher 
at Mount Morris wrote: “We have organized a club for 
the purpose of teaching nature appreciation. Much in- 
terest is shown by the people of the community who 
are continually bringing in specimens for identification. 
Specimens are also contributed by citizens for our 
collection so our school museum is growing year by 
year. The club members spend their spare time in the 
summer collecting plants, insects and minerals. Some 
of the members have excellent collections. Our club is 
financed entirely by the members who earn money by 
selling soft drinks, candy and popcorn at the football 
games, and collecting scrap paper. The members study 
during the summer, and during the latter part of the 
school year they meet once a week to study and discuss 
the Nature List. In the spring we spent an afternoon 
at West Virginia University with the head botanist 
who described various plant specimens and showed 
colored movies of West Virginia wild flowers. Also, the 
club has a standing invitation from Dr. Paul Stewart, 
president of Waynesburg College, to use that college’s 
facilities.” 

Dr. Stewart watched with interest as, year after year, 
Mount Morris students wen first prize in the Carnegie 
Nature Contest. For many years he contributed a great 
deal to the success of these young people by helping 
them with their identification and in many ways en- 
couraging them to greater efforts. He felt that since 
these students displayed such enthusiasm perhaps 
Waynesburg College could also aid in their search for 
knowledge. Several years ago, under the direction of 
Dr. Stewart, Waynesburg established a Nature Contest 
patterned after the Carnegie Nature Contest. It took 
as a nucleus the identification of specimens used in our 
Contest and added to these other specimens to be 
identified. The student who could identify correctly 
the greatest number of specimens was awarded a 
scholarship to Waynesburg College. Thus, the Car- 
negie Nature Contest has had a far-reaching effect in 
the field of education. 


From Nature Contest to Life Profession 
Many of our contestants in their chosen fields of 
science, are now college and university graduates work- 
ing throughout the United States. It is impessible to 
know the activities of all, but we have followed with 
interest the careers of some of these embryonic scien- 


Tropicat Fish in the aquarium must be identified 


tists—one whom we have watched with pride, is Mike 
Takos. He came to us as a small boy with little knowl- 
edge but a natural curiosity about science. Once he 
had discovered Carnegie Museum it became his adopted 
home, and he spent many happy hours here delving into 
the mysteries of science. It was not long before he had 
joined our Junior Naturalists and learned to collect 
and mount specimens. Several years later, he learned 
to classify and identify these. Years passed, (as they 
have a habit of doing), and before we realized it, Mike 
was graduated from Pennsylvania State College with 
a degree of Bachelor of Science in Forestry. From 
1940 to 1942 he attended the University of Maine 
where he was a fellow in a Cooperative Wildlife Research 
Unit. He received his Master of Science degree from 
Maine in 1942. In that same year, he became a Lake 
Survey Biologist in the Maine Department of Inland 
Fisheries and Game, but late in the year joined the 
United States Army. The Army took advantage of his 
scientific background sending Mike to Panama as a 
malarial parasitologist. The year following his dis- 
charge from the Army he was a biology instructor at 
Emory University in Georgia. After this varied ex- 
perience, he felt a strong inner compulsion to study 
further in the field of parasitology and finally in medi- 
cal research. Accordingly, he has entered the Univer- 
sity of Michigan medical school. 

Among others we have watched with pride are Eric 
and Pete Lissfelt, Tom Brazelton, Peggy Fulton, Oliver 
Fulton and John Brown. Eric and Pete are both inter- 
ested in animal husbandry. They plan to own and 
operate their own stock farm. Eric is a gradvate of 
Alfred School of Agriculture, where he is a member of 
the staff and manager of the school herd. Pete, an 
undergraduate in animal husbandry, is also at Alfred. 
Tom Brazelton was graduated from the University of 
Pittsburgh and is now an instructor in biology at Thiel 
College. Peggy Fulton was a science instructor at 
Oberlin College. She received her Master’s degree from 
Syracuse University and is now working on her doc- 
torate which she will receive in June. Her brother 
Oliver, was graduated from Massachusetts Institute of 
Technology and is now field supervisor of television at 
WPIX. John Brown is a practicing physician. 

(Continued on Page 70) 
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The Role of Manganese and Other 
Essential Elements in Life Processes 


e By J. F. Wischhusen 


This paper contains important information con- 
cerning the biocatalytic functions of certain met- 
als in the growth of plants and animals and in 
their resistance to disease. Some of it has not 
vet veached the textbook stage. 


An imbalance of bioelements in foods may be 
a major cause of disease. It is shown that the 
organisms causing Bang’s disease in cattle and 
undulant fever in humans cannot exist and pro- 
pagate where manganese, cobalt, and copper are 
present in sufficient amounts. These elements 
may be obtained through plants that have been 


grown on treated soil. 


Contemporary biochemistry is making amazing strides 
towards changing some branches of agriculture into 
exact sciences. Less than a generation ago it would 
never have been thought that such trace elements as 
manganese, copper, cobalt, zinc, etc. played any part 
in nutrition. Today it is recognized that life cannot 
exist without them, and that their insufficient presence 
will lead to so-called deficiency diseases. 

W. R. Fearon, Professcr of Biochemistry, University 
of Dublin ', has divided into groups, the ninety-six ele- 
ments which we believe to constitute the universe, and 
classified them according to whether they are physi- 
ologically or biologically necessary. He finds that at 
least thirty-seven of the elements are in one way or 
another essential to the fabric of life. He divides these 
into groups according to whether they are variably or 
invariably essential to all forms of life, and, depending 
upon quantity, into primary, secondary, and micro con- 
stituents. 


At least nineteen elements are found invariably es- 
sential to all forms of life, as follows: 

(1) Invariable Primary Elements: Hydrogen, car- 
bon, nitrogen, oxygen, phosphorus. These make 
up the greater part of the organism, and de- 
termine largely its physical structure. 

(2) Invariable Secondary Elements: Calcium, 
magnesium, sodium, potassium, iron, sulphur, 
chlorine. These are equally necessary for life, 
but occur in smaller quantities. Among the 
vertebrates, calcium is a primary element. In 
many plants, sodium, iron and calcium may 
be mere micro constituents. 

(3) Invariable Micro Elements: Manganese, cop- 
per, boron, silicon, aluminum, fluorine, iodine. 
These are believed to be present in all forms 
of life in various trace amounts. Silicon may 
appear as a secondary element in certain 
plants and in marine organisms. Zine and 
cobalt may soon be grouped under this head- 

ing. (See below.) 
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The above lists include hydrogen, carbon and oxygen, 
which are known as “organic” elements, distinct from 
“inorganic” elements, the compounds of which are com- 
monly classed as “minerals.” 


The remaining eighteen elements found to be at least 

variably essential to all forms of life are the following: 

(1) Variable Secondary Elements: Zinc, titanium, 
vanadium and bromine. They reach a rela- 
tively high concentration in certain species, 
where they are obviously necessary for life, 
but their occurrence and importance in other 
species are doubtful. In recent years zine has 
been found essential to animal life, and may 
now be regarded as invariably essential. 

(2) Variable Micro-elements: Lithium, rubidium, 
‘aesium, silver, beryllium, strontium, cadmium, 
germanium, lead, arsenic, chromium, cobalt 
and nickel. Some of these have been detected 
in a few species, and their functions are often 
quite obscure. Cobalt, however, recently has 
been found essential to animal life. 


Elements Essential to the Human Diet 


It is safe to state at the present time that at least 
twenty-one elements are indispensable to the human 
diet. We depend almost wholly on foods to obtain 
them, viz: 

Aluminum, boron, calcium, chlorine, cobalt, cop- 
per, fluorine, iodine, iron, magnesium, manganese, 
phosphorus, potassium, silicon, sodium, sulphur, 
zine. 

Carbon, hydrogen, nitrogen, oxygen. 

The last four are so to speak, omnipresent, because 
they are contained in air and water as well as in vege- 
table and animal food products. About the only “min- 
eral” supplement added to the human diet in the past 
has been salt (sodium chloride). 


Elements Essential to Soils 


It is safe to state at the present time that fertile 
soils should contain at least the following twenty 
elements: 

Nitrogen, phosphorus, potassium, calcium, mag- 
nesium, sulphur, hydrogen, carbon, oxygen, iron, 
sodium, chlorine, aluminum, silicon, manganese, 
copper, zinc, boron, iodine, fluorine. 

Until recently many scientists believed that only the 
first ten elements were necessary for the growth and 
maturing of crops; that only the first three should be 
considered as fertilizer ingredients; and that the others 
were supplied by soil, air, and water, or were present 
as natural fillers in manures and fertilizer raw ma- 
terials. 

The modern agronomist, however, takes all these 
twenty essential elements into consideration, and many 
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so-called “complete” fertilizers contain at least sixteen 
to eighteen, if not all the elements mentioned above. 
Cobalt, essential to animal nutrition, can also most 
economically be supplied through the soil, even though 
cobalt deficiencies have not yet been observed in crops. 


The Sum Total of Elements to Life 


Since there are ninety-six elements present within 
and upon our planet, the question arises how the human 
body has selected only twenty-two, at most thirty- 
seven, of these for its composition. Why would not the 
quintessence of life, man, be compesed of elements in 
the proportions in which they are found in the sea, and 
in the soils and in the atmosphere? One answer is 
that except for geochemical precipitations, our sea 
water and our soils would be quite fatally contami- 
nated as sources of nutrients. Another answer is that 
radicactive elements may play important roles in life 
processes. They are omnipresent, and undergoing con- 
stant breakdown, regarding which there are some in- 
teresting speculations 2.* as to their possible functions 
regulating the maintenance of the species and the 
ability of higher animals to communicate thoughts to 
each other. The screening action in soils and seas fo: 
the selectivity of bioelements, plus the breakdown of 
radioactive elements, would indeed comprise functions 
on the part of all the known elements. 

This paper makes the foregoing references in an- 
ticipation of such questions by the student or other 
readers. We can deal here with only one phase of a 
situation in which manganese, copper, cobalt, zinc, 
iodine, and magnesium have been observed to play spe- 
cific roles. It will be observed that Professor Fearon, and 
indeed most other authcrities, classify these elements 
with others as invariably essential to all forms of iife. 
However, if furnished to excess or in improper ratios, 
they would be toxic; their presence in a correct and 
harmonious balance is therefore the topic of their study. 


All Bioelements Are Alike Essential 


Fer general guidance it must be made clear: 

The elements that are essential in life processes 
are all equally important, though the quantity that 
is required of one may be very small in relation to 
that of another. The specific function of any essen- 
tial element cannot readily be defined, because no 
element operates alone, but only in conjunction 
with other equally essential elements. 

Successful agricultural production, which includes 
animal husbandry, is a matter of true economics. This 
in turn is a matter of following the laws of nature. 
A study of biochemistry can contribute greatly to man’s 
capacity to survive by teaching him the reactions that 
control the activities cf injurious microérganisms, a!] 
pathogenic organisms for instance; and those which 
favor the processes brought about by beneficial biologi- 
cal reactions, for instance, the activities of beneficial 
enzymes and microérganisms. 

In recent years two fertunate discoveries have fur- 
nished striking examples of the synergistic effect from 
groups of essential elements that involve manganese, 


magnesium, copper, cobalt, iodine and zinc. These are 
variously associated with gland secretions and enzyme 
activities concerned with growth, reproduction, and 
health. 

One case concerns the incidence of brucellosis. In 
cattle this is commonly known as Bang’s disease; in 
humans, undulant fever or Malta fever. Another case 
involves the effect of frost on Florida citrus. 


Brucellosis Work 


In 1939-40 two Cleveland spectroscopists, Dr. I. Levis 
and F. H. Emery, analyzed the blood and pituitary from 
cattle sent to slaughter as Bang’s reactors, and com- 
pared them with the analyses of an equal number of 
healthy cattle*. Those spectroscopic tests showed the 
blood and pituitary from the diseased animals to be 
deficient in manganese, copper and cobalt. Subsequent 
practical feeding experiments confirmed that supple- 
ments of designed dosages of manganese, copper and 
ccbalt compounds would change Bang’s reactors to 
negative. Because Cleveland is situated in the so- 
-alled “goiter belt,” iodine was added as a supplement, 
even though iodine determinations are not possible 
with the spectroscope. As a result of this work many 
unofficial trials were made in various parts of the coun- 
try to restore the health cf cattle, with good success. 
Progress in this matter has been reported from time to 
time in trade papers’ and other publications®, Ex- 
periments with soil treatments of manganese and other 
trace elements proved to be as effective in keeping 
animals in good health, as are feed additions. 


Treatment for Undulant Fever in Humans 


Equally fertunate developments occurred in the thera- 
peutic treatment of undulant fever cases with these 
multiple trace elements. As is well known the three 
principal types of brucellosis found in domestic animals 
may all infect human beings. These are: 

Brucella Abortus—Bovine or Bang’s disease can 

infect cattle, goats, horses, men. 

Brucella Suis—the hog type can infect hogs, cattle 

and men. 

Precella Melitensis—the goat variety. Can infect 

sheep, goats and men, hence the other common 
name “Malta fever.” 


Through a happy chain of events, a therapy developed 
by the late Professor Oscar Erf, Ohio State University, 
and the author, on the basis of the work Levis and 
Emery conducted ten years ago on cattle from northern 
Ohio, was applied seven years later with equal effec- 
tiveness by Ira Allison, an eminent medical doctor in 
Springfield, Missouri. His paper Trace Elements and 
their Importance to Man’ describes how 103 of his 
patients suffering from undulant fever and unsuccess- 
fully treated until then in many orthodox ways, sub- 
mitted to experiments with his therapy of manganese, 
copper, cobalt, zinc, magnesium. These were human 
“guinea pigs” able to relate their reactions for the 
benefit of other doctors and fellow sufferers. All! 
changed to negative after varying lengths of time, the 
average of which was four months. Checking up on 
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them in September, 1948, Dr. Allison was able to locate 
83 for a blood culture test, and all but two proved 
negative. There can be no question that history was 
made by Dr. Allison with his therapy of metal salts 
vs undulant fever. 


Frost Damage to Florida Citrus 


We seldom have acute visible symptoms from con- 
trolled experiments under field conditions on plants that 
portray better than the Florida frost of 19475 the 
synergistic effect from the use of multiple trace ele- 
ments in conjunction with the major fertilizer elements. 
In this case it involved a group of essential elements 
that consisted of manganese, copper, zinc, and mag- 
nesium in addition to regular commercial fertilizers 
composed largely of nitrates, phosphates and potash 
salts. Trees given applications of all of these showed 
very much less damage than those not receiving the 
trace elements. Fortunately there existed at the Lake 
Alfred Experiment Station two adjoining orchards, one 
treated with Mn, Mg, Cu, Zn in addition to commercial 
fertilizers; the other only with the latter. Trees in the 
latter orchard were almost completely defoliated by a 
frost down to 20°F. for about five hours. Such trees 
also suffered heavy fruit drop, and many of them 
showed severe limb splitting. 


Scientific Functions Still Obscure 


We still seek scientific explanations of why the trees 
that looked alike just before the frost, withstood it in 
such dramatically different manners. Dr. William A. 
Albrecht, of the University of Missouri, has advanced 
a plausible reason based on microtome tests with soya- 
bean plants, namely: that when the plant has been 
able to construct an abundance of proteins and other 
colloids, due to the presence of all the essential ele- 
ments in fertilizers, frost damage is low. But when the 
plant is merely a collection of weak cells, holding water, 
due to the absence of biocatalysts, frost damage is 
necessarily severe. 

Such an explanation might conceivably be offered 
also in regard to the scientific function in animal nu- 
trition of a group of essential inorganic elements. The 
creating of proteins and other colloids that act as anti- 
bodies or in other ways cause disease resistance and 
immunity to diseases in animals, may be due to the 
presence of the biocatalysts in correct relationship to 
all other essential nutrients. 

Dr. Ira Allison, who has treated during his career 
well over three hundred thousand patients, states that 
in his opinion’ there is only one major cause of disease, 
viz: malnutrition. This means an imbalance of bioele- 
ments in our food supply, and not under-nourishment 
in a quantitative sense. 

Dr. Ernest Carroll Faust of Tulane University re- 
cently stated’ in regard to the global concept of disease, 
in part: “Disease results from the destructive action 
of pathogenic micro organisms, malnutrition, the dys- 
function of organs, abnormal tissue growth, poisons, 
and the process of aging... 
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Functions of Certain Elements 


We know that manganese ions activate many bene- 
ficial enzymes, and that the formation of vitamins, 
especially A, C and E, depend on manganese. The 
effectiveness of wheat germ oil, for instance, is related 
to the manganese in the germ of wheat. 

Goiter may be said to be a fungus growth, but the 
antiseptic action of iodine kills or inhibits the growth 
of this fungus. 

Cobalt is required to regenerate and mature red blood 
cells and to synthesize vitamin B,2. There is informa- 
tion that cobalt inhibits pathogenic bacteria. 

A contemporary medical authority, Dr. J. M. LeGoff, 
Paris, France, has used cobalt chloride as a therapy on 
humans, both intravenously and orally, for over twenty 
years. He has published a number of papers !° in which 
he shows that cobalt prevents anemia, because it re- 
generates red blood cells and increases hemoglobin. 
The work of Dr. LeGoff and Dr. Allison collapses the 
view held by some scientists that cobalt is necessary for 
ruminants only. 

The essential nature of iron cannot be questioned, 
but it must be recorded that this element was never 
found deficient in diseased animals examined by Levis 
and Emery, nor in their feed supply. Nature appears 
to have safeguarded the supply and storage of iron so 
that it is not depleted except through a direct loss of 
blood from wounds and other causes. Cobalt and copper 
deserve proper credit for regenerating red blood cells 
and activating the iron in nutrition. Coppér is defi- 
nitely linked to the regeneration of red blood cells, and 
to the depressing of pathogenic organisms. Globulins 
as well as proteins react with copper. Copper com- 
pounds are catalyzers to change one protein into an- 
other. 

The Antiseptic Action of Bloods 


Only quite recently antibacterial action of the blood 
of the large milkweed bug was reported!!. 

There is not only the pigment of the blood of mam- 
mals to consider but also that of the lower animals. 
In general, it may be said that blood pigments, includ- 
ing chlorophyll, the equivalent in green plants, possess 
antibacterial properties. All blood pigments are proteins 
consisting of a web of carbon, hydrogen, oxygen, nitro- 
gen, with a center metal atom, viz: 


Pigments Metals Possessed bj 
Red— Hemoglobin iron Vertebrates 
Green— Chlorophyll Magnesium Green plants 
Blue Hemocvanin Copper Crustacea 
Colorless Pinnaglobin Manganese Molluscs 
Blue— Hemosycotopin Copper and Zinc Molluscs 
Green— Chlorocruorin Iron Worms 
Red— Hemerythin Iron Worms 
Colorless— Achroglobin Manganese Molluscs 


The active agents of these antibacterial substances 
are the so-called respiratory metals which the respective 
pigments contain. For more specific information, the 
references to the literature on biochemistry, enzyma- 
tology and pharmacology must be consulted. A list of 
a number of them is appended !. !2. 13, 14, It will be seen 
(Continued on Page 74) 
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Teaching Aids for Science 


e By E. DeAlton Partridge, Ph.D., (Columbia University) 


DEAN OF INSTRUCTION, STATE TEACHERS COLLEGE, UPPER MONTCLAIR, NEW JERSEY 


What facilities and what equipment are neces- 
sary to fit the ideal science room for the use of 
visual and auditory teaching aids? 


Is total darkness essential? Where should elec- 
trie outlets be located? Are opaque projectors 
desirable? Can science teachers make satisfactory 
slides and motion pictures? 

An expert in the field answers these and other 
questions concerning the use of visual instruc- 


tional aids. 


Investigators who have gathered data on the subject 
tell us that science teachers as a whole use teaching 
aids, especially visual aids, more than the teachers 
in any other subject field. There are probably various 
reasons why science teachers use teaching aids as 
extensively as they do, and important among these is 
the fact that there is a great variety of teaching aids 
available in the various scientific subjects. 


The subject matter of science is such as to lend 
itself admirably to motion pictures and other teaching 
devices. Furthermore, the traditions of science are 
such as to encourage demonstration and diagramming 
in lieu of mere verbal descriptions. 


There is so much excellent material at the disposal 
of the science teacher that he should be the first to 
plan for the kind of equipment and facilities which 
will make the use of teaching aids an integrated part 
of his subject matter presentation. 


Perhaps it is not wise to speak about the idea! 
situation because so few teachers are able to attain it; 
but on the other hand if we know what the best pos- 
sible conditions are, we can strive toward them. If 
the science teacher could plan to have teaching aids in 
just the way that he would like them, he would be in 
a position to use these aids when and as they are 
needed without the necessity of moving the class from 
one room to another, and without the necessity of 
depending upon film deliveries ordered months in ad- 
vance at considerable time and expense. 


With the ideal situation in mind it is possible to 
outline at least roughly the kind of science teacher’s 
room which would lend itself best to the use of teach- 
ing aids. 

The science room should be equipped so that it can 
be easily darkened. Total darkness is not essential, 
but enough darkness so that colored films can be 
shown clearly is advisable. In many parts of the coun- 
try it is necessary to have outside ventilation while 
the room is darkened. This means that some kind of 
a light baffle in the windows is advisable and, if pos- 
sible, some kind of forced ventilation. 


There are various ways to darken a room, and each 
has its own advantages and disadvantages. In the 
case of a science room it would seem that the most 
practical suggestion would be Venetian blinds or opaque 
window shades to pull down inside of a slot on either 
side of the window, although some imaginative science 
teachers have constructed their own screens using cor- 
rugated cardboard which fits exactly into the window- 
panes and which can be set into position very quickly 
by the students. 

As to equipment, the ideal situation for the science 
teacher would call for a properly planned projection 
screen of the pull-down type fastened on the wall in 
the front of a room, with electrical outlets at the rear 
of the room, and switches near the outlets by which 
the room can be darkened at the proper time. If the 
science teacher is fortunate enough to be called upon 
for suggestions as to the construction of new science 
facilities, he should plan to have switches installed in 
the room so that projectors can be turned on and off 
from the front of the room, and so that cables running 
from the sound projector to the speaker are contained 
within the walls or floor, thereby obviating the neces- 
sity of laying this cable down each time the projectoi 
is used. 

As to equipment, thinking again of the ideal situa- 
tion, the fortunate science teacher will have at his 
disposal or will be sharing with several other science 
teachers the following: A 16 millimeter sound projector, 
an opaque projector, a film strip and 2-by-2 projector, 
and a radio. In addition to this equipment there should 
be in the science room available space for the storage 
of charts, pictures, and three dimensional demonstra- 
tion objects. 

The opaque projector is recommended because of the 
many uses it has for enlarging on the screen objects 
or illustrations that otherwise cannot be seen by the 
entire class. If an opaque projector is available, the 
teacher can accumulate an extensive collection of good 
visual material from magazines, newspapers, and other 
sources. 

Some science teachers are fortunate enough to have 
equipment whereby they can produce their own slides 
and motion pictures. The writer has seen such mate- 
rials, and some of them are of excellent quality. Two- 
by-two slides are particularly practical and are not 
difficult to make if one knows the rudiments of photo- 
graphy. 

The question always arises as to whether or not it 
is advisable to own slide films and motion picture films 
rather than to rent them. There is no definite answer 
to the question, but it is quite certain that in the case 
of some films it is more economical to purchase them 
outright since they should be used regularly and can 


(Continued on Page 72) 
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The Fishpond Grows Up 


e By Earl Franklin Kennamer 


SPECIALIST, FISH AND WILDLIFE MARKETING, ALABAMA POLYTECHNIC INSTITUTE EXTENSION SERVICE, 


AUBURN, ALABAMA 


Poor as well as wealthy farm owners may have 
private fish ponds if they so desire. Well man- 
aged artificial ponds producing hundreds of 
pounds of fish per acre annually are to be found 
m a number of states — 6000 in Alabama alone. 
They afford sport to the angler, reduce the butch- 
er’s bill, and relieve a farmer diet that is too 


likely to be monotonous. 


Locating and building the pond, stocking, fer- 
tilizing and maintaining it, all are discussed in 
this article written by a specialist in the field. 


Everyone interested in farm life or in fishing 
will be interested in this paper. So will teachers 


of biology. 


Ten years ago a private fishpond or lake was the 
whim of a wealthy man. Today, however, because of 
extensive research and development at the Alabama 
Polytechnic Institute, fishponds have become important 
units of meat production on Alabama farms. Well- 
managed fishponds can produce meat in the form of 
fish on a basis comparable to a unit of land growing 
livestock. The natural, unmanaged pond will produce 
from 40 to 150 pounds of fish per acre. On the other 
hand, the well-managed artificial pond can be made to 
produce from 200 to 500 pounds of fish annually per 
acre, 

It might be said that the most important contributing 
factors to this high fish production are a good pond, 
proper stocking, fertilization, genera] management, and 
pond balance. Without attention to all five of these, 
the optimum production of any pond, regardless of 
size, may not be reached. 

Selection of a good pond site and construction of 
a good dam have an important significance in the pro- 
duction of fish and in the cost of management. The pond 
builder must think first about his water supply and 
the size of the pond he plans to build. 

A small spring is usually adequate for a one-acre 
pond, the size recommended for the Alabama farm 
family. If the pond is to depend upon run-off water 
from rains, the pond builder must take into considera- 
tion the area of watershed that will serve the pond 
with run-off water. If the watershed is too great, heavy 
rains will wash away fertilizer and a number of fish. 
If the watershed is inadequate to keep the pond supplied 
with water, then the pond level may fall too low in 
drought periods, often to the point of complete dryness. 

Diversion ditches and adequately sized spillways come 
into consideration. The pond dam should have a 2:1! 
slope, a clay core, and a top width of at least five feet. 
Shallow edges should be dug out so that the water is 
at least two feet deep all around the pond edges. The 
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maximum depth will depend upon the source of water 
for the pond. 

A good drain pipe must be installed so that the 
pond can be drained when necessary. Trees must be 
cleared from the area of the pond. The new pond dam 
should be sodded with centipede or Bermuda grass to 
prevert washing. 

Stocking 

Previous to fishpond experimental work begun by the 
Experiment Station, Alabama Polytechnic Institute, 
more than a decade ago, the idea of stocking was to 
put into a pond as many as possible small fish of every 
species imaginable. Research brought out the fact that 
proper stocking of the correct species of fish would 
give the greatest yield in pounds of table-sized fish 
per acre. 

Examples will bring out this point. An experimental 
pond was stocked with bluegills only. The average 
size of the bluegills stocked was .2 ounce. When the 
bluegills spawned three months later, the average size 
was 2.7 ounces. Each pair of bream produced an aver- 
age of 4000 young. Eight months from the time of 
stocking the bluegills stocked originally had dropped to 
a weight of only 1.9 ounces, as compared to the weight 
of 2.7 ounces at the time of spawning. The pond had 
become overcrowded with young bluegills and the food 
existing in the pond had to be apportioned to the entire 
population of both young ard adult. This proved the 
failure of stocking a pond with only one species of fish. 

In another experiment, a pond was stocked at the 
rate of 6500 biuegills to the acre. After a long period 
of time the bluegills averaged .9 ounce each. When 
this number of bluegills had been reduced to 1300 per 
acre, the average weight of each bluegill was 3.7 ounces. 


DETERMINING FISHPOND BALANCE is one of the tasks of the fishpond special- 
ist. A minnow seine will generally give a good picture of the reproduction 
and population of the fishpond 
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In still another experiment, bass were 
placed in a pond with bluegills. Nine months 
after stocking, the average size of the 
bream was 4.2 ounces —a good, scrapping, 
pan-fry-size fish! During the same period 
the bass had increased in weight consider- 
ably. Since bluegills are forage fish and 
bass are carnivorous fish, the result was 
that the bass kept feeding on the bream to 
reduce their number and thereby caused 
an increase in the average weight of the 
bluegills remaining. 


From the results of experiments, it was 
discovered that the best rate of stocking 
a pond to be fertilized was 1000 to 1500 
bluegills and 100 bass fingerlings or fry 
to the acre. Any great deviation from this 
ratio would result in a lower production 
per acre. 


Combinations of species other than bass 


and bluegills have generally been found Tue Dam is the heart of an artificial pond. A weak dam will suffer damage by crawfish 
. ~ ‘ 7 muskrats, abnormal! flows, etc. You will note that this dam has a 2:1 slope and a wide 
unsatisfactory. € rapple require large ponds top The center of the dam is hard packe d clay core 


and deep water. Catfish will compete with 

bluegills for food and in a small pond will die out 
within a few years. The shellcracker, another bream, 
may be stocked in combination with bluegills by re- 
ducing the number of bluegills to be stocked. Shell- 
crackers have some qualities which make them less 
desirable than bluegills. 


Fertilization 


Fertilization of the farm pond to increase the avail- 
able food and thereby stimulate an increase in produc- 
tion is possibly the most astounding result obtained in 
Alabama fishpond research. It is obvious that the food 
available to fish must come chiefly from the pond, and 
any increase in basic foods will naturally provide for 
greater fish production. Plankton —microscopic organ- 
isms in the water — might be termed the basic food. 

Increasing the fertility of the water will increase the 
“plant” plankton, or phytoplankton, which are so small 
that they cannot be seen individually by the naked eye. 
This increase in the green plant life of the water en- 
courages an increase of “animal” plankton or zooplank- 
ton. More plankton means more food for small fry of 
forage fish, such as bluegills, and in turn this results 
in more food for carnivorous species, such as bass and 
adult crappie. 

Fertilization of a farm pond is achieved by simply 
distributing commercial fertilizer over the surface of 
the water. The recommended rate is 100 pounds of 6-8- 
4, plus ten pounds of nitrate of soda, or its equivalent, 
per acre for each application. Generally speaking, ten 
to 15 applications per year, beginning in early March 
and continuing through September (in Alabama) are 
necessary for top fish production. Greater amounts of 
fertilizer are needed where ponds have more spillway 
water than others. In some cases it is impractical to 
fertilize a pond because of the excessive amount of 
water going out of the pond. Too much fertilizer at 
one time by an over-enthusiastic pond owner can result 


in the death of fish. Usually the next application is 
placed in the pond when objects in the pond a foot below 
the surface of the water can be seen. A well-fertilized 
pond takes on a deep green or brown color, owing to 
the stimulated production of the plankton. 


Management 

In .general management, the writer includes such 
items as weed control and the “harvesting” of fish. Too 
great a production of weeds in a pond or along the 
banks will often result in lower production because 
weeds take up fertilizer which should go for plankton 
production. Weed growths encourage snakes and hinder 
fishing. 

A well-constructed, fertilized pond with a good depth 
and with few shallow edges will generally have few 
underwater weeds. The reason for this is that plankton 
makes the water dense at the surface. Sunlight, neces- 
sary for underwater weed growth, therefore does not 
penetrate the plankton layer. Actually, cld ponds with 
an abundance of underwater weeds that grow from the 
bottom to the surface may be controlled and killed out 
by fertilizing in the midwinter months. 

The rate of fertilizer is usually double that required 
for fish production—in other words, 200 pounds of 6-8-4, 
plus 20 pounds of nitrate of soda. Two or three applica- 
tions are made at this rate and the applications are 
spaced from two to three weeks apart until a green 
“scumlike” growth envelops the underwater weeds. This 
growth is filamentous algae. When this algae covers the 
weeds, fertilization is stopped. In a few weeks the under- 
water weeds rot and float to the surface. As they decay 
they return fertilizer to the water. Fertilization for fish 
preduction is not resumed until the water can be seen 
for a depth of 12 inches or more. Indeed, applications 
of fertilizer during this decaying process will speed 
up the decay and remove all the oxygen from the pond. 
This will cause fish to die. 
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Emergent weeds grow above water and may be con- 
trolled in many ways. The method used should be the 
one that is least expensive. Controlled grazing by live- 
stock on the banks wil! keep down some weed growth. 
Applications of 2,4-D have proved to be of benefit in 
weed control. Probably the cheapest method is to re- 
move emergent weeds as soon as they appear by digging 
out the roots with a hoe. Water lilies can often be 
destroyed by cutting the leaves two or three times dur- 
ing a season. 


The most enjoyable part of management is, of course, 
the harvest, and harvesting means fishing. In ex- 
periments it is known that a well-managed pond will 
yield up to 300 pounds of fish, taken with hook and 
line, per acre, annually. A farmer who will regulate 
the harvest of fish from an acre pond so that he will 
not take more than 200 pounds in a year’s time, can 
always catch a mess of fish. 


Experiments have shown that it is impossible to 
take more than 60 per cent of the fish from a pond 
by fishing with hook and line. This destroys the old 
outdated theory of “fishing out a pond.” What happens 
is this: fish generaliy bite when they are hungry, and 
fish will take lures and live bait regularly when they 
are so numerous that no one individual fish can sate 
his appetite. When a number have been taken out and 
the fish cease to bite readily, those remaining in the 
pond have sufficient food to cause them to refuse bait. 


COMMERCIAL FERTILIZERS applied to pond water either from a_ boat 
or around the edges of small ponds will materially increase fish produc- 
tion. In Alabama, the recommendation is 100 pounds of 6-8-4, and 10 
pounds of nitrate of soda per application for each acre of water. 
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It is readily seen, therefore, that good and bad periods 
of fishing occur in any pond. 

Extensive fishing apparently does not affect the re- 
production of a pond the following year provided the 
pond is well fertilized and well managed. Throwing 
back an under-sized fish apparently does little good 
since there are thovsands more like it and these smal! 
fish eventually become the food of carnivorous fish. 


Fish Balance 


Maintaining the balance in a pond is one of the most 
important factors in producing a maximum number of 
fish of edible size. Old ponds with unusually large bass 
often give poor fishing. Ponds overcrowded with blue- 
gills result in stunted growth and in strings of “sardine 
sized” fish. Infestation of pond water with rough fish, 
such as carp, shad, catfish, and suckers, will reduce 
the number or the weight of the desired species. A new 
phase of management is the checking of a pond two 
years old or older for proper balance. 

The writer has been analyzing farm ponds in Ala- 
bama for the past year and believes that it will be an 
important phase of pond work in the future. Analysis 
is determined by using a small ten-foot minnow seine 
which will give a representative picture of the popula- 
tion and reproduction of fish in the pond. 

An example of a well-balanced pond is one that shows 
a hatch of largemouth black bass in the spring and a 
recent hatch of bluegills. An unbalanced pond will show 
a different picture, which will vary with the cause for 
the unbalanced condition. For instance, if there is no 
evidence of a spring hatch of bass and most of the blue- 
gills taken are of an intermediate size ranging from one 
inch to two inches with no evidence whatsoever of a 
recent hatch of bluegills, then the pond is overcrowded 
with bluegills. Correction in this case would be a par- 
tial poisoning of the pond with rotenone followed by 
restocking with bass fingerling. Should the seine show 
after several dips along any edge of the pond only a 
very few intermediate bluegills and no recent hatch 
of bass or bluegills, then the pond may be infested with 
rough fish. The owner of the pond may be able to tell 
what other species of fish have been caught, and if 
this is the case the pond should be drained and restocked 
correctly, or all the fish must be killed with rotenone 
and the pond then restocked. There are several other 
phases of pond balance but the details are too lengthy 
to include in this article. 


Conclusion 


Because of the valuable research in fishpond manage- 
ment, thousands of farmers and sportsmen’s clubs all 
over the nation are erecting ponds. In Alabama alone, 
the number of ponds producing fish — ponds less than 
one-fourth acre are not included —has now reached 
6000, and the number is growing. Experiment stations 
and other agencies all over the nation are working 
ceaselessly to find new data which will mean better 
fishing and more fish for food as well as for recreation. 
(Continued on Page 72) 
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A University High School Science Service 


e By James 6. Harlow 


DIRECTOR, HIGH SCHOOL SCIENCE SERVICE, UNIVERSITY OF OKLAHOMA, NORMAN, OKLAHOMA 


The energetic Director of a new, stimulating 
and ambitious science service for the high schools 
of Oklahoma here describes its operation. 


Although it has functioned only a little more 
than a year, this unusual co-operative academic 
project, participated in by several departments of 
the University of Oklahoma, has already proved 
its value in the science education program of the 
state. 


Will other universities be stimulated to follow 
the pattern set by pioneering Oklahoma? 


There’s something new under the southwestern sun, 
down at the University of Oklahoma in Norman. It’s 
a High School Science Service, devoted to the stimula- 
tion and strengthening of science education throughout 
the state, and it represents an ambitious, university- 
wide attack upon one of the more serious educational 
problems of our time. 

Through request from the High School Science Serv- 
ice, any science teacher in Oklahoma can get help on 
any science, science club, or science education problem 
to the solution of which the University can make a 
contribution. Textbook and course of study materials 
can be obtained on free loan. Traveling displays and 
collections may be borrowed with only transportation 
costs, and science leaflets covering items ranging from 
bibliographies to the raising of earthworms may be 
had on request. Special talks on science topics by 
university instructors may be scheduled. 

For general use in the schools of Oklahoma, there’s a 
monthly four-page bulletin which reaches every sec- 
ondary school science teacher in the state, and a fifteen 
minute popular science program each Tuesday after- 
noon on the University’s radio station. 

There are special events too: a science teachers’ 
conference in the fall, and a science fair in the spring. 

These activities are the expression of an eleven- 
member Advisory Committee appointed by the Presi- 
dent of the University. Every science department in 
the University’s college of arts and sciences is repre- 
sented on the committee, and in addition, there are rep- 
resentatives from the department of philosephy, the 
Extension Division, the school of pharmacy, and the 
University of Oklahoma Museum. The director of the 
service is chairman of the committee, and serves as a 
department head in the University Extension Division, 
through which the actual teachers’ services are made 
available. 

The new service was formally set up on January 15, 
1948, when its present director was employed. It is 
the culmination of three lines of development in Ok- 


lahoma, two of which originated in the Oklahoma 
Academy of Science. 

The first attempt to provide a public school science 
service in Oklahoma was undertaken by the Academy in 
1938, with the establishment of consultant facilities for 
teachers and the beginning of a group of loan collec- 
tions, to be made up through the WPA Museum Project. 
This effort was halted through the onset of World War 
II, which dispersed the individuals developing the serv- 
ice and also closed the WPA Museum Project. Before 
it stopped, however, some five hundred Oklahoma plants 
had been converted into herbarium specimens, classified, 
labeled, and prepared for display. These materials 
now are being incorporated with the other loan displays 
of the new service. 

The president of the Oklahoma Academy of Science 
during the development of this project was Dr. George 
L. Cross, then chairman of the University department 
of plant sciences; now president of the University of 
Oklahoma. The director of the museum project, Mr. 
Thurman White, is now acting director of the Univer- 
sity’s Extension Division. 

The second line of development came through a 
post-war president of the Oklahoma Academy of Sci- 
ence, who became interested in Science Clubs of America 
through contact with Mr. Watson Davis of Science 
Service in Washington, D. C. This Academy president, 
Dr. J. Teague Self, presently chairman of the depart- 
ment of zoological sciences at the University, interested 
the president of the University in the possibility of 
establishing a service for high school science clubs. 


The third activity which joined these two was the 

University of Oklahoma Museum, which for some years 
had been providing assistance for school museums in 
Oklahoma, and had figured prominently in the de- 
velopment of the WPA Museum Project. The director 
of the Museum, Dr. J. W. Stovall, also served for a 
time as SCA Cooperator for Oklahoma. 
_ Two of these three streams of thought coalesced in 
1947 when plans were laid to establish a science club 
service through the University Museum. Subsequent 
administrative considerations, however, finally located 
the new service in the University Extension Division. 
Mr. R. Boyd Gunning, then director of the Extension 
Division, had also participated in the WPA-Academy 
of Science project of the pre-war years. The third 
stream joined the first two with the establishment of 
the Advisory Committee in April, 1948. 

The first action of the Committee was to set up the 
following formal statement of the function of the High 
School Science Service: 

(1) To assist in the improvement of general educa- 
tion in science in Oklahoma through the development of 
services for and bases of interaction between teachers 

(Continued on Page 65) 
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The Face of the Moon 


By B. BALDWIN, Chicago: The 
University of Chicago Press. 1949. 
Pp. XIV+-239. $5.00. 


“The moon is undoubtedly one of the driest places 
in all the universe, but the story of the moon is not 
at all dry.” So reads the opening sentence ef the 
preface. In the pages that follow Dr. Baldwin proves his 
point. Laymen who know something of science, astrono- 
mers, geologists, and meteorologists will enjoy this 
spirited discussion of what has been learned about the 
moon, 


History has not been neglected, but the major em 
phasis of this book is on knowledge gained by new 
observations of the moon and by a reinterpretation of 
old observations in the light of modern knowledge. 
Lunar craters, rays, mountain ranges and lava flows 
are studied and theories concerning their origin are 
evaluated. Meteoric craters on the earth are discussed, 
especially the great Arizcna crater, but others in the 
Argentine, Australia, Siberin and other countries are 
considered. Maps, line drawings, and some excellent 
photographic illustrations are included. There is an 
extensive bibliography. 

H. C. M. 


Introductory Radio. 
Theory and Servicing 


e By H. J. Hicks, M. S., New York: Me- 
Graw-Hill Book Co., Inc. 1949. Pp. viii 


393. $3.20. 


The reviewer is impressed by the practical nature 
of this beginniag text in radio for high schcol classes. 
It begins with fundamentals, assuming no previous 
knowledge of radio, electricity or magnetism. The 
author, who has taught radio servicing in a technical 
high school for a number of years, understands that 
one learns best by doing. To satisfy the student’s 
desire for immediate action, shopwork is begun at once. 
At the start the student learns how rather than why. 
Theory is introduced later where it can be immediately 
applied. Technical principles are clearly explained in 
simple language, and the student begins to under- 
stand as well as know. The projects outlined have 
been tested and their difficulty adjusted to the abilities 
of the average class. Schools are shown how their 
costs for tools and equipment may be reduced by 
salvaging old radios and by adapting other available 
apparatus. Some 65 pages of tables and other useful 
information comprise the Appendix. 


A. K. 
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NEW 
BOOKS 


An Introduction to Chemical Science 


© By W. H. HATCHER. 2nd Edition. New 
York: John Wiley & Sons, Inc. 1949. 
x + 449. $4.00. 


Since they live in a chemical age, liberal arts stu- 
dents as well as all other educated persons should have 
a knowledge of chemistry for general background in- 
formation. Since these students are not to become 
chemists, their study may not be too detailed. It should 
be concerned with fundamental facts and principles, 
with general rules rather than with their exceptions, 
with a broad view of the science rather than with a 
detailed knowledge of some of its particular phases. 
This book is well designed to accomplish such a purpose. 


Dr. Hatcher provides four sections dealing with in- 
organic and organic chemistry and with food and in- 
dustrial chemistry. Teachers will find it easy to vary 
their emphasis, depending upon the special interests of 
their students. A brief summary, a group of questions. 
and, when necessary, a review of definitions close each 


chapter. 


Minerals and How to Study Them 


@ By EDWARD SALISBURY DANA, 3rd Edition, 
revised by CORNELIUS S. HURLBUT, JR. 
New York: John Wiley & Sons, Ine. 1949. 
Pp. xX + 323. $3.90. 


This book, the third revision of Dana’s book for ama- 
teurs that first appeared in 1895, has been brought up 
to date by Dr. Hurlbut who teaches elementary min- 
eralogy at Harvard. It will interest all who are serious 
in wanting to learn about minerals. Although designed 
for beginners it will be well for those who study it to 
have had some previous knowledge of chemistry and 
physics. 

The book discusses the general nature of crystals and 
crystal habits, the physical and chemical properties of 
crystals, crystal systems, symmetry and irregularities, 
and mineral identification. Considerable space is de- 
voted to the description of the mineral species. Advice 
is given to the amateur who would start a collection of 
minerals. Numerous interesting photographic illustra- 
tions and line drawings are shown. Smooth paper, at- 
tractive binding, a good selection of type faces, and 
a cheerful dust jacket add to the appearance of the 
book. H.C. M. 
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Adventures With Animals and Plants 


e By ELSBETH KROEBER and WALTER H. 
Wo Boston: D. C. Heath and Company. 
1948. Pp. 600. $3.20. 


This book should fill the well-recognized need for 
an interesting, authoritative, well-organized, well-illus- 
trated text for classes in high school biology. 


The subject matter in this text is organized into tea 
units, each of which is introduced with problems. The 
student’s attention is focused on such historically in- 
teresting work as the crystallization of tobacco mosaic 
virus by Stanley, the discovery of penicillin by Flem- 
ing, and the use of x-rays in inducing mutations by 
Muller. 


The explanations are simple and foster, rather than 
preclude, further advanced study. A great many photo- 
graphs and fine diagrams illustrate the facts and 
principles considered in each unit. 


Helena Miller 
Department of Biological Sciences 
Duquesne University 


Film and Education 


© Edited by GoprREY M. ELLIoTT. New York: 
Philosophical Library, 1948. Pp. x1 + 597. 
‘$7.50. 


In this symposium, 37 teachers, school executives, 
business men, film manufacturers and others, consider 
the role of the non-theatrical motion picture in the life 
of the modern community. The uses of films in schools, 
business, government, industry, and religious education, 
for adults as well as children, both here and abroad, 
are discussed. 


Mr. Oreon Kesslar, Director of the Teaching Aids 
Laboratory, Kern County Schools, Bakersfield, Cali- 
fornia, has written an interesting and helpful chapter 
on the use of films in science teaching. He points out 
their disadvantages as well as their advantages, citing 
especially the inability of the film to inculcate a full 
appreciation of the scientific habit of mind. He feels 
that more questions should be left unanswered so as to 
provide questions for original research by the class. 
Students should be permitted to reach their own con- 
clusions from the scientific evidence provided by the 
film. H. C. M. 


American High School Biology 


@ By CHARLOTTE L. GRANT, H. KEITH CADY 
and NATHAN A. NEAL, New York: Harper 
& Brothers. 1948. Pp. 888. $3.28. 


The authors have published in this textbook some 
exceedingly fine photographs which will interest stu- 
dents at many levels. 


The subject matter is presented more in the style 
of a story than in the direct style of a textbook. This, 
coupled with the liberal use of superlative and descrip- 
tive adjectives, results in the loss of emphasis on 
fundamental principles usually stressed in high school 
courses. 


The book may be pleasing to an artistic student 
but may offend or dampen the interest of the observing 
student with a real interest in biology. 

Helena Miller 


Guiding Human Misfits 


@ By ALEXANDRA ADLER, M.D. New York: 
Philosophical Library, Inc., 1948. Pp. 114. 
$2.75. 

Anyone who has been engaged in the teaching pro- 
fession for even a brief span of years will admit that 
at some time in his career he has found it necessary 
to deal with “human misfits.” Moreover, the science of 
empirical psychology is so relatively new that his 
tenuous grasp of it may often prove unequal to the 
challenge set before him. It is good to report, there- 
fore, that the tremendous responsibilities which weigh 
so heavily on the shoulders of guidance officers will be 
lightened somewhat by Dr. Adler’s work. It is not 
pretentious, nor is it unduly technical. Rather, it 
tends to set forth broad principles and then to point 
them up by illustrative case histories. In the interpre- 
tative material, one gathers that the author prefers a 
common sense approach to psychic phenomena rather 
than a series of solutions that rest on preconceived 
theories and systems. If the work reveals anything 
approaching a “system” it is the “Individual Psy- 
chology” propounded by her father. After a brief out- 
line of its principles, she proceeds to a treatment of 
childhood and its neuroses, problems of adolescence, 
criminal tendencies, another approach to dream- 
psychology, and a practical survey of child guidance. 

Within the rather startling limits of 114 pages, Dr. 
Adler has done an astonishing job. A reasonably criti- 
cal mind will profit greatly by having come in contact 
with this smal] but weighty volume. 

Vernon F. Gallagher, C.S.Sp. 
Vice President, Duquesne University 


Summer Conference for 
Teachers of Chemistry 


Teachers of chemistry at the college and secondary 
levels and the members of their families are invited 
to attend the eleventh Summer Conference of the New 
England Association of Chemistry Teachers which will 
be held at the University of New Hampshire, Durham, 
N. H., August 22-27, 1949. 


Some sixteen addresses and demonstrations will be 
offered. Among the topics to be included are: The 
Role of Chemistry in the Development of Atomic 
Energy; Chemical Technology Under Japanese Occu- 
pation; Tonnage Oxygen; Electroplating; Turbo-jets; 
Parasitic Diseases and the Chemist; Glass Comes of 
Age; The Application of Ion Exchange to Analytical 
Chemistry; How I Present Atomic Energy to My Class, 
and many others. 


Registration fees are very reasonable; so are the 
college hostelry charges. Information concerning the 
Conference may be obtained by writing Mr. Carl P. 
Swinnerton, Pomfret School, Pomfret, Conn. 
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How to Prepare 
Your Science Order 


Compact—but Comprehensive 


There’s no need to hunt through half a dozen 
bulky catalogs to locate the materials you want for 
student experiments, or for your demonstration 
work. 


In the CamboscO Order Book you'll find descrip 
tions and prices for 7781 items, of which 1601 are 
pictured. Throughout the listing of apparatus, 
numbered illustrations are interspersed, for instant 
identilication. 


Detailed Dimensional Data 


For every piece of apparatus that is made in more 
than one size, complete dimensional data are given. 
Pyrex Test Tubes, for example, are offered in 
twenty sizes and styles. For each, the listing shows: 
length, diameter, rubber stopper size, price per 
dozen, number in case and price per case. 

This unique method of listing, in which a single 
page equals two or three pages of an old style cata- 
log, eliminates some “sales talk,” but omits none of 
the information essential for intelligent choice. 


3739 ANTWERP 


BOSTON , 


Without Writing a Single Word! 


It can be done — as thousands of science teachers have discovered. 


The apparatus, reagents and specimens you'll need for Physics, Chemistry and Biology 
can be ordered, quickly and accurately, without putting one word on paper. 


How? By using the CamboscO Order Book, whose pages are designed to serve as order 
forms. You are thus absolved from the time consuming chore of copying long want lists. 


SCIENTIFIC COMPANY 


STREET e 


For teachers who prefer them, there is included a 
liberal supply of conventional order blanks, printed 
on special paper, on which it is easy to write with 
hard pencil, soft pencil, ink, or ball point pen. 
Those perforated blanks have proved especially 
convenient for interim orders. 


An Annual Publication 


Once a year, the CamboscO Order Book is pains- 
takingly revised, from cover to cover. New items 
are added. Obsolete or unavailable materials are 
dropped. Prices are brought up-to-date at the 
moment of publication. ‘The current issue is there- 
fore more dependable than any catalog bearing a 
copyright date prior to 1948. 


Free—to Teachers of Science 


The CamboscO Order Book is furnished, with- 
out charge or obligation, to science teachers and 
to school officials. 


Your free copy of the 194849 edition will be 
sent postpaid on receipt of your teaching address. 


BRIGHTON STATION 


MASS., 
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The Sky on Wheels 


(Continued from Page 42) 


Joun Partrerson, Museum preparator, works on the outline of the Boston 
skyline for the Traveling Planetarium 


and the stars and music come on together, the “ah’s” 
that sweep the audience are as spontaneous as in the 
hugest of planetarium chambers. 

3. The star music is faded out and constellation 
study is begun; then follows the turning of the heavens 
to describe the rising and setting of the stars; the sun 
rises on the next day, but the stars remain visible to 
indicate they are really in the daytime sky; and at 
noon the planets near the sun are pointed out. 

4. Trips in latitude are made best at noon, first to 
the north pole, then to the equator. The long winter 
night with the pole star overhead, the equal equatorial 
day and night, and the Southern Cross, are some of the 
features of these journeys. The practice of navigation 
is, needless to say, stressed, especially if the audience 
is that of high school boys. 

5. Returned home, more constellation study is fol- 
lowed by the breaking of the dawn to the accompani- 
ment of music. Here something special, such as a dis- 
cussion of the Star of Bethlehem, may precede the 
dawn, 

The question period at the close of each talk is en- 
lightening, sometimes as much to the lecturer as to the 
audience. If a “shooting star” has not been explained 
during the talk, meteors are sure to be the subject of 
a question. A light-year must be explained in each pre- 
sentation; and the sun and planets must be shown and 
described. It is easy to discover that the audience has 
preconceived notions of what it wants to learn, and 
the speaker had best cater to these wishes if he expects 
to have a satisfied group. 

In the Boston area, the traveling planetarium of the 
Boston Museum of Science will in the months and years 
to come bring to thousands of people, in rural as well 
as urban areas, the joy of knowing the stars. There is 
little to prevent this kind of educational program from 
being developed in other parts of the United States, 
and especially in regions such as around Pittsburgh, 


where a permanent planetarium has undoubtedly built 
up great interest in the stars among people who rarely, 
if ever, can get down the Allegheny or up the Monon- 
gahela to the metropolis. It is a peculiar fact that 
Pittsburgh, in spite of its often poor conditions for 
observing the stars, has one of the oldest and most 
active amateur astronomers associations in the 
country. @ 


High School Science Service 
(Continued from Page 61) 


and science clubs in the public schools and the science 
organizations of the University and other state and 
national science organizations. 

(2) To assist in the location and identification of 
young people of promising scientific interests and capa- 
bilities at the earliest possible time in their school 
careers, 

(3) To develop an improved university program for 
the education of prospective and in-service science 
teachers in the public schools. 

The next action of the Committee was to develop 
the list of projects and activities which were described 
in the opening paragraphs above. It also established a 
project inside the university proper which may in the 
long run become the most significant contribution of 
the program to the state. This project is the develop- 
ment of improved science courses and curricula for use 
in the teacher training programs of the University. 

The current activity in this area is the creation of 
a general science course for prospective teachers. Rec- 
ommendations for the course were initiated by the Com- 
mittee, and have received administrative approval. The 
first offering of the new general science course, if it 
receives faculty approval, is tentatively scheduled for 
September, 1949. If the new course is successful, pro- 
grams for in-service teacher training in science will 
follow it. 

During the current school year, the High School Sci- 
ence Service has provided assistance to science teachers 
in some 145 different communities of Oklahoma. Its 
mail and personal contacts have totaled more than 
500, not counting the bulletin which reaches some 
twelve hundred persons each month, and its radio pro- 
gram, for which no accurate statistics are available. 
Its traveling collections, which reached the field in 
February, have been viewed by some 3,200 people in the 
various secondary schools in which they have been 
displayed. 

The first science teachers conference, held in late 
November, 1948, attracted fifty-odd science teachers, 
in spite of a snowstorm which blanketed half the state. 
The first science fair was held in late April. 

It still is far too early to evaluate the probable or 
even the possible returns of the High School Science 
Service to the science education program of Oklahoma. 
It stands, however, as a vigorous cooperative activity 
among usually disparate academic groups, seeking, 
to borrow Dr. James Bryant Conant’s apt expression, 
to make scholarship relevant to the solution of one 
state’s problems in science education. @ 
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Biologists Serve Mankind 
(Continued from Page 45) 


scarcely larger than the platform on which I am now 
standing. He experimented with various types of cross- 
breeding quite unsuccessfully, and it is again surpris- 
ing to realize that he had a tremendous correspond- 
ence with half the botanists of Europe at this time, 
all of whom discouraged him, all of whom said that he 
might more profitably employ his time in other ways, 
and all of whom declined to believe that any profit 
might come from observing the effects of cross-breed- 
ing plants. 


After ten years of this sort of discouragement he 
abandoned observations on the cross-breeding of flow- 
ering plants, and started to observe the seeds—in this 
particular instance, of peas—in the hope that these 
organs of reproduction would yield him more informa- 
tion of the rules of inheritance than did the flowers. He 
was, of course, quite remarkably successful, and by the 
observation of the wrinkling of the pea or the hairiness 
of the pod he established the well-known ratios which 
bear the name Mendelian ratios to this day. He never 
regarded, however, this work in the light of other 
than a hobby, and his results were published in the 
Journal of the Natural History Society of the little 
town in which he lived and lay there buried for twenty 
years, 


The degree of lack of interest which attended these 
results may be gauged by the fact that it has been es- 
tablished that Darwin read the original papers of 
Mendel and passed them over as of complete unim- 
portance. If you are wondering how this has been 
established I may say that it is by the signature of 
Darwin when he borrowed from the Royal Society the 
journal in which Mendel’s results were recorded. In 
1868, Gregor Mendel rose to be head of his monastery, 
and his administrative duties left no further time for 
the pursuit of his hobby. Indeed in his later years his 
correspondence shows that he was a little ashamed of 
what he regarded as childish experiments and he never 
for one moment anticipated that he was going to change 
the face of the world. It is popularly supposed that 
the rediscovery of Mendel’s work twenty years later 
came through the reading of original papers. This 
again is a misconception. His work was independently 
repeated in several parts of the world, and mendelian 
ratios were established by several men, two of whom 
in tracking back through the literature, that is, in re- 
searching as they should have, came across these pa- 
pers of Mendel and to their eternal honor applied his 
name to the principle which they had rediscovered. 


We must not, however, slight the chemists by for- 
getting that the next great biologist—Pasteur—had no 
biological training whatever. It was as a chemist that 
he was called in by the wine growers of France to 
doctor their wines, and it is entirely to the interpreta- 
tion which he placed on the maladies of wines that the 
world ultimately came to realize that the maladies of 
mankind might also rest on microorganisms. Pasteur, 
being an intelligent man, immediately abandoned the 
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pursuit of chemistry for the far more fruitful and in- 
teresting field of the biological sciences. He presents 
us with a curious anomaly. For though he made great 
discoveries, including a treatment for rabies, and prob- 
ably laid the ground work for immunization experi- 
ments, he missed an enormous number of minor points 
which were under his nose and in addition to that, he 
saw quite a large number of things which were not 
there. Let us charitably put this latter down to his 
early chemical training. 

Now I have been taking so much of your time to 
talk about the early history of the biological sciences 
to emphasize two particular points; first, that the 
biological sciences have only really profited when they 
have worked in the service of mankind; and secondly, 
that mankind has only been served properly since the 
principle of research as the guiding and fundamental 
character of the contribution was realized. I think 
that with these principles in mind we may examine 
very briefly what biological sciences are doing today, 
and also how they have actually influenced the course 
of mankind’s history. 


I do not suppose that any change has so influenced 
the thinking and habits of mankind as our present 
freedom from fear of disease. I know that we still 
think that we fear disease, but if you will go back 
a relatively short distance and realize the helplessness 
that a person afflicted with a disease 250 years ago 
must have felt, not knowing or even imagining, whence 
that disease came; and if you will contrast that with 
your own present situation where a disease means to 
you no more than an invasion of the body, in most 
cases you must realize that your own mental outlook 
cannot conceivably be compared with that of your 
ancestor. 

Unquestionably coupled with freedom from fear of dis- 
ease, and possibly more important than it, is the free- 
dom from fear of pain which we now have. Were I 
or you to be stricken as we stand here with an intol- 
erable agony, it is unlikely that 30 minutes would 
elapse before that agony had been relieved. Had we 
stood here 100 years ago that agony would have con- 
tinued until either a merciful death or an automatic 
conclusion of the trouble had taken it from us. This 
contribution of freedom from fear of pain has come 
almost entirely from the contributions of workers 
in the biological sciences or of physicians who have 
turned themselves into workers in the biological sci- 
ences for the purpose of experiment. 


Here I must introduce a note of deep warning as to 
the present trend. There are those alive today who by 
some distorted inversion have lost their love of man- 
kind, or transferred that love of mankind into a love 
of dogs and cats and rats and mice. I do not pretend 
to be fend of rats and mice myself, but like almost 
all other zoologists known to me I am fond of cats and 
dogs. Yet I, and those of you in this audience who are 
zoologists, are widely accused all cover the United States 
today of being sadistic tormenters of animals because 
we use them for experimental purposes in preference 
to using our wives and children. For that you know 
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is the clear alternative before us today. If legislation 
at present before the houses of several states is to be 
passed, it will be impossible to test pain killing drugs 
or new methods of healing on any animal other than a 
human. I have talked with those who espouse the cause 
of this legislation and they have told me to my face 
that they would rather see a child suffer than a rabbit 
suffer. Just because this attitude appears to us absurd 
and ridiculous does not make it less dangerous. I 
would ask all of you to examine closely the present 
trend of anti-vivisection legislation. It must be known 
to all of you that in the past century Great Britain has 
passed from being a leader in the biological sciences 
to being a follower of this country. Great Britain over 
that period has been crippled by anti-vivisection legis- 
lation; this country has been free from it. I would 
like each and every one of you to consider yourselves 
au publicity agent designed not to apologize to the 
public, but to explain to the public exactly those pur- 
poses for which animals are used, and to assure the 
public that no civilized human being will voluntarily 
inflict suffering. But that if one were to be faced with 
a clear choice between seeing a child or a dog suffer, 
it would seem to be for the betterment of humanity that 
it should be the dog. I do not know of any experiments 
at present in progress in this, or any other state, in 
which deliberate suffering is inflicted on dogs, but 
we have got to face up to the situation that we can no 
longer try to explain that fact—for the opposition has 
persuaded the public that dogs do suffer. Let us there- 
fore, as I say, confine our attention to the simple alter- 
native—humanity or a dog. 


I think the last great fear from which the biological 
sciences have freed mankind is the fear of famine. I 
do not think there has ever been any greater contri- 
bution to the progress of humanity than the intro- 
duction of hybrid corn, and certainly we could not have 
won the last war had not the enormously increased 
food production occasioned by this hybrid corn been 
possible. There is practically no part of the world today 
in which the intelligent application of Gregor Mendel’s 
principles have not led to an improvement in the food 
supply of mankind, and it is therefore the more tragic 
that today there exists one great community of people 
who have rejected the fundamental nature of his teach- 
ings. I refer to Soviet Russia. Their rejection of these 
principles is the more tragic since in the period 1924 
through 1935 they led the world in the practical appli- 
cation of genetic principles to the improvement of man- 
kind’s food. They pioneered the field of artificial in- 
semination, and they made it possible for the shepherds 
of flocks on the Siberian Steppes to have their lambs 
fathered by a prize ram kept in Moscow. Then sud- 
denly, within the last year, we have had a complete re- 
jection, on purely political grounds, of everything 
which has made this possible. It is an established prin- 
ciple of genetics that heredity, though it may be modi- 
fied by environment, is the fundamental basis on which 
the size and shape of a living thing depends. It has sud- 
denly been stated as an article of Soviet “faith” that 
heredity is of secondary importance and that environ- 
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ment is all important. I do not think that anyone would 
have objected had they put forward this view on the 
basis of scientific evidence—but they have not. They 
have put it forward solely on a base of ideological belief, 
and it is quite staggering to read today translations of 
some of their alleged explanations of their attitude. Not 
one of these attitudes has the slightest basis in research 
or experiment, but is just as authoritarian as were the 
ridiculous theories which were advanced in the middle 
ages. 

No thinking scientist today would have the slightest 
objection to Lysenko putting forward a theory that en- 
vironment was more important than heredity, but he 
has not done this. I find that it is being put forward by 
the Soviets that the Lenin-Lysenko theory is of more 
value than is the Capitalist-Morgan theory. I would 
refer you particularly to a literal translation of a lead- 
ing article from Pravda which was published recently 
in the periodical Science and in which you will find 
more ideological nonsense and less sound common sense 
than occur even in the worst of the propaganda jour- 
nals which one sees in this country. 


I cannot refrain from pointing out the complete and 
absolute ridiculousness of the Soviet view, for if a man’s 
environment was what led him to be great and his 
heredity was of no importance whatever, then beyond 
question the old aristocracy against which the Soviets 
revolted must of necessity have been superior. Yet a 
quarter of a century ago we were asked to believe as 
an article of faith that their environment made them 
degenerate; now we are asked to believe that environ- 
ment alone can raise degeneracy to the position of a 
superman, I honestly believe this to be the worst be- 
trayal of the principles of science which we have seen 
for three centuries. 


Of course I would not have you think that all suc- 
cessful biological experiments in food stuffs have led 
to happy results. I suppose the classic example of an 
unfortunate interference was the introduction of the 
potato to Ireland. I do not think that its immediate 
adoption as a staple article of diet was due so much to 
the fact that the climate was suitable to its production, 
as to the fact that its social environment made it 
desirable. Treland at that time was torn with in- 
ternal strife and the potato is a crop which does 
not lend itself readily either to destruction by forag- 
ing armies or to removal by casual robbers. More- 
over, its yield is so great that, even with the crude 
production methods of that time, one man’s labor could 
provide food for 40; whereas with the previous staple 
of rye it required two men’s labor to provide food for 
five. Moreover rye was a crop easily destroyed and 
easily stolen. Over the period 1785 to 1845 the popu- 
lation of Ireland rose from 3,000,000 to 8,000,000, the 
increased population being almost entirely dependent 
on the potato for their life. In 1846 there arose a ter- 
rible plague which wiped out the potato crop. Time 
does not permit me to go into the mistakes which were 
made in the cultivation or storage which led to this 
plague; it is sufficient to say that 200,000 people died 
in the first winter of this plague solely because the new 
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food-stuff had been removed from them, and a very 
large portion of the Irish population of this country 
left during the next few years largely for the reason 
that they feared a repetition of this horrible famine. 
But I think you will find that cases of this kind in 
which biologists have improved a food supply only to 
introduce another fear are singularly few compared to 
those cases in which biological workers have freed man- 
kind from any of the fears from which we have been 
discussing. 

I should like, in conclusion, briefly to examine what 
biologists are doing today in the light of this past his- 
tory which we have been discussing. Primarily today 
biologists are continuing their fight against fear and 
ignorance under better conditicns than have ever been 
offered them in the past. This fight is being continued 
in the schools and in the universities, and every teacher 
who will work in this building and who will leave this 
building will carry forward the standard of mankind’s 
betterment. 

There is a popular misconception that we are but 
an annex to the medical profession, and that cur pri- 
mary duty is the preliminary indoctrination of those 
who would become physicians. Certainly we have this 
obligation and we will fulfill it but it is neither our 
primary duty nor our primary concern. Indeed, I would 
frankly wish that we had less of it, for a premedical 
student has only a one-in-ten chance of entering a 
medical school and his training scarcely fits him to 
follow any other profession. I look forward to the day 
when more schools will offer a major in premedicine 
distinct and apart from the major in one of the bio- 
logical sciences, which will then be confined only to the 
training of scientists. 

But I do not think that teaching, though it is how 
most of us earn our living, is either the primary in- 
terest or the primary obligation which we have. It has 
been said that a university differs from a school in that 
a school teaches and a university teaches and learns. 
The learning which is done by a university is through 
research, and it is only through this research that biolo- 
gists can continue in their efforts to raise the standards 
of our civilization. 

This building, therefore, named as a record of a 
great researcher will, I am sure, remain to record the 
present and future achievements of its staff both as 
teachers and as learners. @ 


The Carnegie Nature Contest 
(Continued from Page 52) 


And so we help to shape the destinies of these con- 
testants by planting in their fertile minds an interest 
in the natural sciences. The ideas fostered by annual 
participation in the contest, grow through the years and 
develop firm foundations upon which successful careers 
are built. @ 
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Teaching Young Students 
(Continued from Page 46) 


The many problems of providing close supervision 
of flying club activities at an airport situated some 
distance from the several high school and college camp- 
uses, eventually led to the need of a flight training 
agency under the direct control of the college. To this 
end the writer devoted himself, and with the cordial 
cooperation and encouragement of the president of the 
college, and with the full approval of the Board of 
Education, the Phoenix College Flying School was born. 
It received its CAA Approved Flying School Certificate 
in the spring of 1947. The supervision, scheduling, 
maintenance of equipment, etc., and the flight train- 
ing program of the several clubs were thereafter 
handled by the new school. 

In the two years that the flying school has been in 
operation, a complete curriculum of flight and ground 
training has developed. It includes the private pilot 
course, the commercial pilot course, the flight instruc- 
tor course and the instrument course. The student 
may participate in two-year study programs in the 
fields of aircraft and engine mechanics, commercial 
flying, or radic and meteorology and business adminis- 
tration. 

The flying school staff is composed of a director, 
four flight instructors, a chief maintenance man, his 
assistant, and a full-time secretary. The school’s motto 
is “Service to the Community in the Cause of Aviation 
Education.” Ours is unique among two-year schools in 
possessing, as an integral part of the college, a com- 
plete aeronautics program for flight and ground train- 
ing, including the ownership of eleven airplanes, two 
Link trainers, all ground facilities, shops, classrooms, 
offices, ete. All of these facilities were acquired by 
the college without the expenditure of any tax-derived 
funds. 

The flying club program, which is increasingly im- 
portant in the Phoenix secondary system’s aviation 
curriculum, provides flight and ground training to all 
students from juniors or eleventh grade students, to 
and ineluding 14th grade or college sophomore students, 
at a cost that is phenomenally low. Some day, perhaps, 
aviation training can be placed on a par with courses 
in biology, chemistry, domestic arts, physics, ete., with 
students learning to fly as a part of the regular cur- 
riculum, and paying a small laboratory fee in place of 
the high hourly rates now in vogue. 

It is the philosophy of the college that all aeronau- 
tical training is the special function of the schools—that 
there is no fundamental difference between teaching 
children how to drive automobiles, weld, cook, or sew, 
and teaching them how to fly an airplane. Phoenix 
College has tried to point the way by initiating a safe, 
and sound flying club program for the Phoenix sec- 
ondary system. It has, in furtherance of this program, 
established a complete flying school which has been in 
operation for two years. It is the hope of the writer and 
of others connected with the program that other schools 
will be interested in initiating flying club programs of 
their own. @ 


’ 
] 


t 
- 
7 
| 


for June, 1949 


MOON 


How to Become a Doctor 


NEW for the tirst time, in this book young men and women planning professional careers 

in medicine, dentistry and pharmacy and allied professions are presented with specific 
and valuable counsel. The book is like sitting down with someone and discussing a future career. 
It gives the student immeasurable aid in evaluating and improving his chances for entry into 
professional schools, and goes into detail on admission requirements of every important profes- 
sional school, methods followed by admitting committees, medical curricula . . . and the es- 
sential problems of finances, housing, outside employment, internships and residencies. 

An invaluable guide to college advisors. 


131 Pages — $2.00 


GRIFFIN 


Inorganic Quantitative Analysis 


NEW XX new text for a full two-term course or, with adaptation, for a one-semester course, 

Presupposes only a sound course in general chemistry and qualitative analysis. Em- 
phasis is laid on “the necessity of rigor without overwhelming the student with a deluge of 
minutiae.” First four chapters stress the necessity for exactness and for a thorough under- 
standing of the chief tools and factors influencing the accuracy of results. Next the theory and 
fundamentals of volumetric and gravimetric analysis are explored — laboratory experiments fol- 
low each discussion. A very complete book on the subject by Dr. Carroll W. Griffin of Vassar 


College. 44 Illustrations, 368 Pages — $4.50 


MULDOON 


Textbook of Organic Chemistry {1h 


Edition) 
NEW _ Designed primarily for students preparing for medicine, pharmacy or dentistry. For 
a full course — but serves also for shorter study in applied organic chemistry. There 


is new material of biochemical interest dealing with hormones, vitamins, sterols, and related 
compounds. Includes changes in the latest U. S$. Pharmacopoeia. 


648 Pages — $5.50 


THE BLAKISTON COMPANY 


1012 Walnut Street, Philadelphia 5, Pa. 


Please send the items checked: my check is enclosed (J; charge my account [). It is understood 


that you will credit my account in full for any books that I wish to return within 10 days. 


How to Become a Doctor Inorganic Quantitative Analysis 
[] Textbook of Organic Chemistry 


NAME ADDRESS 


CITY. ZONE STATE 
SC 6-49 


SEVENTY-ONE 


| 
\ 
| 
| 
| 
| 
| | 
|g 
| | 
ig 


Teaching Aids for Science 
(Continued from Page 57) 


now be obtained at such reasonable prices. During World 
War II the government financed the production of a 
number of films in scientific and technical fields which 
are now available to schools at special low prices. 
These films should be the property of high school 
science departments because they are of excellent qual- 
ity and because the subject matter is such as to require 
several showings, possibly at different times, to be 
most effective. There are other films also produced by 
private organizations which are of such quality and 
the subject matter of which is so basic as to be con- 
stantly useable in the school science program. In the 
long run it is more economical to own these films than 
to rent them and certainly it is more effective in terms 
of teaching procedures. 


The science teacher who wishes to use teaching aids 
consistently and effectively should look toward the 
accumulation of suitable materials which are readily 
available and which can be used with the least amount 
of dislocation and disruption on the part of the class. 
Such teaching aids are as essential to successful teach- 
ing as the surgeon’s instruments are to a successful 
operation. @ 


Fluorine and Dental Health 
(Continued from Page 39) 


As a result of these studies a very large program is 
underway of topical application of 2 per cent sodium 
fluoride to the teeth of children. Of course all the 
teeth are being treated; the treatment of half the 
teeth was a research control measure. The proponents 
of the method recommend treatments at 3, 7, 10 and 13 
years of age in order to give protection to oncoming 
teeth. 


Other methods for the posteruptive application of 
fluorides to reduce caries activity have been proposed 
but no convincing evidence of their success is available. 
These methods include use of bone meal (because it 
contains upward of 200 ppm fluorine) in food or in 
dentifrices; use of fluorides in mouthwashes and in 
dentifrices. In fact Bibby and his associates have re- 
cently reported that an acidulated mouthwash con- 
taining sodium fluoride, increased caries as compared 
with the mouthwash without the fluoride. 


Summing then, we see the element fluorine first dis- 
covered in relation to living tissues in the dental enamel, 
then found to be inimical to this tissue and finally, we 
hope, when brought under control, capable of relieving 
man of most if not all of his troubles caused by tooth 


decay. @ 
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The Fishpond Grows Up 


(Continued from Page 60) 


Ponds play an important role in nature. They remove 
silt from streams by serving as settling tanks. A fish- 
pond serves as a natural hatchery for a stream below 
it. Ponds provide for an increase in furbearing animals, 
such as muskrat, beaver, mink, and raccoon. Farm ponds 
serve as stock watering points. Both water and soil 
is conserved and the water table of the surrounding 
land is raised. Migratory waterfowl stop at many of 
the larger ponds on their treks to the north and south. 


Yes, the fishpond has become of age. @ 


Don’t Miss Your Breakfast 


For a number of years nutrition authorities have told 
us, “Eat a good breakfast.” Now comes scientific proof 
that you'll do better if you eat a good breakfast every 
day. 

In an interesting research study conducted at the 
medical school of a distinguished state university it 
was shown that important and practical benefits result 
from the habit of eating a good breakfast. The 
demonstrable benefits included increased maximum work 
output, better maintained mental alertness, and lessened 
muscular fatigue, during the critical prenoon hour. 

Under controlled conditions a group of young women 
from 22 to 27 years of age were given an 800 calorie 
breakfast daily over a period of several weeks. When 
accustomed to this breakfast, they were checked for 
maximum work output; for mental alertness, as demon- 
strated by “reaction time,” the time required to make 
decisions and act on them; and finally for the magni- 
tude of neuromuscular tremor, the involuntary trem- 
bling a muscle shows after work performance, which 
scientists use to measure muscular fatigue. 

Then the subjects successively were checked for the 
same criteria after several weeks without any break- 
fast, after several weeks with only a cup of coffee with 
cream but no sugar, and finally after becoming accus- 
tomed to a 400 calorie breakfast every morning. 

The data gathered in this scientific research study 
showed: 

The omission of breakfast caused a reduction 
in maximum work output during the prenoon 
hour, a decrease in mental alertness, and an in- 
crease in neuromuscular tremor. Similar un- 
desirable changes occurred when only coffee with 
cream was substituted for the 800 calorie break- 
fast. When the same subjects who had been 
accustomed to “coffee only” then became accus- 
tomed to a 400 calorie breakfast, maximum work 
output during the prenoon hour improved greatly, 
mental alertness was maintained better, and 
neuromuscular tremor was lessened. 

The admonition, “Eat a good breakfast” therefore 
rests on a firm scientific foundation. For greater work 
output, better maintained mental alertness, and less 
muscular fatigue during the morning, eat a good, satis- 
fying breakfast every morning. @ 
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Molecular Models orcanic structure 


Molecular Model sets for students of organic chemistry are available again. 
These well known model sets designed by Professors Wallace R. Brode and 
Cecil E. Boord of Ohio State University and Professor Charles D. Hurd of 
Northwestern University have proven to be of great assistance in helping the 
student of organic chemistry visualize three dimensional structure. 
Discussed at length in “Journal of Chemical Education Vol. 9, page 1774, 1932” 
they present a clear and impressive concept of valence and molecular structure 
and are available now at a price which permits individual student ownership. 
Atoms are represented by colored enamel balls drilled to receive connecting 
bonds. Carbon to carbon, carbon to nitrogen and other linkages are represented 
by 2 inch wooden pegs. Carbon to hydrogen, carbon to chlorine or other sub- 
stituent univalent linkages are represented by 1 inch wooden pegs. Multiple 
bonds, ring structure linkages, flexible bonds and unsaturated linkages are 
represented by 2 inch helical springs. 
The complete set consists of the following parts: 
10 black balls to represent carbon atoms 
2 light blue balls to represent nitrogen atoms 
28 yellow balls to represent hydrogen atoms 
6 red balls to represent oxygen atoms 
4 green balls to represent chlorine atoms 
2 orange balls to represent bromine atoms 
2 purple balls to represent iodine atoms 


A supply of 2 inch wooden pegs to represent carbon to carbon, carbon to 


nitrogen or other bonds. 
A supply of 1 inch pegs to represent carbon to hydrogen bonds and carbon to 


These Model sets are built to the 
specifications of and may be used in 
conjunction with, “LABORATORY 
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The Role of Manganese 
(Continued from Page 56) 


that the references to the biocatalytic functions of 
metals in the processes of growth, reproduction and 
disease resistance are all quite recent. Certain groups 
of these -biocatalysts produce synergistic effects. Noth- 
ing on that subject is as yet in college textbooks for 
dairy science and animal husbandry. Our college ex- 
tension workers, our rank and file of veterinarians and 
animal pathologists are not versed in this newer knowl- 
edge of nutrition, prophylaxis and therapy, unless they 
are quite recent graduates from schools of animal nu- 
trition, biochemistry, enzymatology, ete. 


In summing up these practical contemporary experi- 
ments and experiences, it may safely be stated that the 
metals which are biocatalysts, or contained in respira- 
tory pigments appear to function in the formation of 
antibodies within the animal body, through the action 
of enzymes and the formation of proteins, vitamins and 
hormones. In this respect they may be looked upon as 
metallo-organic compounds which possess antibacterial 
properties and thus constitute antibiotics. The ideal 
natural antibiotics must destroy pathogenic organisms, 
but they must not be injurious to the host. This can 
be said of the biocatalysts manganese, copper, cobalt, 
zinc, magnesium, iron, as well as of iodine generally, 
and specifically: they form within the body of mam- 
mals antibiotics destructive to the brucella organisms 
cf all types, without simultaneous or subsequent injury 
to the host. This cannot be said of vaccines and drugs 
advocated for the treatment of brucellosis, both for 
humans and animals. 


Such knowledge has come to us only quite recently, 
and much amplification thereof may be expected in the 
near future. Indeed, the essential nature of other 
elements may likewise be shown as a technique is 
developed to ascertain this. 


The whole field of animal health should properly be 
investigated upon the basis of a careful comparison 
between the chemical composition of healthy bodies, 
with those of animals that die cf disease. @ 
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Elementary Science 
(Continued from Page 50) 


tried to find out why some failed to hatch. They kept 
records of all this. They learned what the young 
chickens needed. They let the chickens out in the 
school yard, and they promptly got into the first grade’s 
garden. They had experience in democratic living 
right there the rights and duties of both groups were 
discussed jointly, and the first grade agreed to fence 
their garden while the second grade agreed to build 
a yard for their chickens... A dog got some, so they 
learned about the hazards animals face. When a visitor 
‘ame to school, they told him all about it, reading the 
story from the “book” they and the teacher had made. 
And last but by no means least, they sold the chickens 
when they were ready for sale and bought their records. 


That teacher believed, among other things, that a job 
of the school is to help people make better use of their 
resources. Not enough rural people in that area are 
doing all they can to help themselves. Raising chickens 
is one way to raise living standards, and here was an 
example. She believed that democracy is a matter of 
responsibilities as well as of rights. She believed that 
it is good for children to learn that one must work for 
success, not sit and wait for someone to give us some- 
thing. She believed that people ought to know some- 
thing of how life originates, the hazards it faces ané 
how to guard against them. She guided the experiences 
in that direction and she helped the children to derive 
those meanings. And because she believed in the three 
R’s too, she taught them along the way. 


If someone wants to say that the experience just 
described was not science work at all, I will not argue 
with him. Frankly, I am not concerned with what it 
could be named. But science learnings were there in 
a social setting, contributing to the realization of social 
values, and that is the thing which counts. It was not 
spectacular, it did not go on in a rich community or in 
a lovely building. All they had was some children with 
a need, a teacher who saw her job in a big way, and 
an administration which had caught the idea of helping 
the teacher rather than “bossing” her. 

The foregoing incident has been described at some 
length in order to bring out the idea that elementary 
school science experiences do not need to be complex, 
but they should be directed toward social ends. Two 
more* classroom experiences will be briefly described. 


In a second grade class the children, through dis- 
cussion and reading, became interested in the forms of 
water. Steam was especially fascinating to them be- 
cause it was a form of water which they could not see. 
They boiled water and saw the space between the 
“white cloud” and the spout of the teakettle. They 
boiled water in a lightly stoppered container and noted 
that steam exerted force as it lifted the stopper. After 
these and other experiments the children turned to 
their next interest, that of the use of steam to move 


* These have been adapted from incidents given to the writer through 
the courtesy of Miss Mabel K. Holland. Director of Flementarv§ In- 


struction, Fort Wayne, Indiana, Public Schools 
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objects such as trains. They read books about trains, 
wrote stories and poems, and made a large frieze show- 
ing a freight train. Then they learned about the work- 
ers on freight and passenger trains, and they visited 
a railroad station to learn more about railroad workers. 


Out of this they came to realize something of how 
people have learned to use steam to work for them. 
At the same time they gained a new appreciation of 
the value of labor and a better understanding of their 
dependence on many people who help them. 


The experiences of these children were directed by 
a teacher who was aware of the social implications of 
science, and the science functioned as an integral part 
of a larger experience. 

In a fourth grade one fall, the children brought many 
insects into the classroom. Some boys reported that 
they had noticed some bee hives in a back yard nearby. 
Arrangements were made to visit and observe these 
hives. The amateur bee keeper told the children many 
interesting facts about bees. One of the junior high 
school teachers who was president of the county or- 
ganization of bee keepers heard of the children’s interest 
in bees and loaned them his demonstration hive to 
keep in the room during the winter. He also gave the 
teacher and children valuable information. The chil- 
dren read about bees and other social animals. They 
drew pictures, wrote stories and made puppets to ex- 
press their understanding. As a final activity they 
wrote and presented a play about life in a bee hive. 
They gave their creative imagination free rein of course, 
yet because they had much scientific knowledge of bee: 
they were able to distinguish between fact and fancy. 

Here we have a more or less unplanned incident used 
to further a purpose which was in the mind of the 
teacher. She was aware of the desirability of learning 
more about the social life of animals and the value of 
insects to man as a source of food and as an agency 
in pollinating plants. What might have been passed 
over as of no importance was seized upon by a teacher 
who was keenly aware of her objectives. 

This incident and the previous one illustrate a desir- 
able use of community resources as aids to teaching. 
The railroad, the amateur bee keeper, and the junior 
high school teacher were resources upon which the 
classroom teachers called. Such use of community re- 
sources not only helps the classroom teacher but it 
also promotes the best kind of relationships between 
school and community. @ 


Biology---What and How? 
(Continued from Page 48) 


ciples to be learned in the biology class should be 
selected on the basis of their contribution to satisfactory 
behavior-desires. The materials required by the method 
of experiment are available at certain seasons. This 
availability determines the order of the units. In high 
school biology, the method of experiment, observation, 
and critical discussion aids in the development of the 
behavior-desires needed in this complicated world. @ 
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